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THE PERGOLESE STREET SKATING RINK passed to the state of emblem, and the ice has become | 
r : amyth. And yet those whom the sport interests are 


PARIS. numerous. You can now rejoice, amateurs of skating, 
THE Gran Plaza de Toros, of Pergolese Street, after | for, whatever be the height of the temperature, you 
enticing entire Paris to it through its bull fights, is; will be able to indulge in your favorite exercise. 
again upon the point of attracting the curiosity of | Thanks to the resources of modern science, the Plaza 
Parisians by its natural ice skating rink. With very | isto be converted intoa wirror of hard and polished 
rare exceptions, the climate of Paris scarcely admits of | ice. \ é 
the pastime of skating, and we have all observed that| The earth, still red with the blood of bulls, has been 
every time that the Skating Club has announced a fete | excavated, and a basin of beton has replaced the sand 
for *+he next day a thaw has intervened, skates have | that witnessed the exploits of Lagartijo, Guerrita, and 


{ Scientific American Supplement, $5 a year. 
) Scientific American and Supplement, $7 a year. 


4 
others. Fifty-two thousand feet of iron pipes have 
been connected, bent, and placed upon this new foun- 
dation. These are designed to carry the cold to the 
eighty-two hundred superticial feet of water contained 
in the basin, to a depth of seven inches. Three power- 
ful steam engines, actuating three ice machines, com- 
press the ammoniacal gas to liquefaction in order to 
inject it into these pipes and produce a temperature of 

30° C. through expansion. 
In a word, perfectly dry ammoniacal gas, compressed 
by powerful pumps and reduced to a liquid state, is 
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ENGINE ROOM OF THE PERGOLESE STREET SKATING RINK, PARIS. 
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forced into a series of pipes immersed in water, This| water course, although at recurring seasons a large 


liquid ammonia is converted into gas through expan- 
sion, and freezes the water. The gas is afterward suck- 
ad out by pumps, which again compress it, so that it 
serves indefinitely. 

Shall we speak of the rink building, that master- 
piece of carpentry, with its wooden trusses of 180 feet 
span? Since the Eiffel tower and the Frith of Forth 
bridge, nothing is impossible to the engineer.—L’Jllus- 
tration. 


THE NORWEGIAN SKEE, OR SNOW SHOE. 


For the original working drawing of a skee or Nor- 
wegian snow shoe, here presented, we are indebted to 
Mr. E. P. North, M. Am. Soe. C. E. Mr. North ob- 
tained it from Mr. John R Gillis, a deceased member 
of the Am. Soe. C. E. and engineer of tunnels 1 and 2 
on the Union Pacifie Railroad. 

Snow shoes of this deseription, and made on the 
model shown, were very generally used by the mail 
earriers in the mountain regions of California and Ne- 
vada before the advent of the railways, and also to a 
eonsiderable extent by the engineers during the con- 
struction of the Ceutral Pacifie Railroad. Over undua- 
lating country, several of the mail carriers are credited 
with having made as much as eighty miles per day on 
these shoes, although this was a very unusual record. 


The skee is very simple in its design and construction. | 


| stream of water should flow.* In Gibbs v. Williams,° 
|a@ depression which formed the natural drainage of a 
| tract of land amounting from one thousand to twelve 
| hundred acres ran through a city. It was from three 
| to five feet in depth, and from thirty to fifty feet in 
width. Across it at one time t.-e city built bridges. 
| It was called by various witnesses + ravine, a draw, a 
| depression. Several testified to having ran a mowing 
machine up it, and grass grew throughout the greater 
part of its extent. There was no general cut in the 
soil cansed by the flow of water; and it had not the 
sharp, distinct banks of a ravine. A large stream of 
water usually flowed down it after rains, but the court 
held notwithstanding that it was not a water course, 
and the Waters so flowing were surface waters. Brew- 
er, J., said; ‘* For a water course there must be a chan- 
nel, a bed to the stream, and not merely low land and 
a depression in the prairie over which the water flows. 
It matters not what the width or depth may be, a water 
course implies a distinct channel, a way cut and kept 
open by running waters, a passage whose appearance, 
different from that of the adjacent land, discloses to 
every eye, on a mere casual glance, the bed of a con- 
stant or frequent stream.” He quoted with approval 
the langu 
Howard v. Ingersoll’ to the effect that the bed of a 





river isa natural object, not to be sought for merely 
by application of abstract rules, but as other natural 


The waterial used in the West was so-called black pine, | objects are sought for and found; by examining the 


for which the nearest substitate in the Eastern States 
is spruce and tamarack or hackmatack. The drawing} 
explains itself as to dimensions. The groove in the 
under part is to facilitate steering and to enable the 
runner to travel along a side hill. 

In use it differs widely from the more familiar Cana- 
dian snow shoe, which is alight frame of bent wood, 
interlaced with thongs of raw hide, hard twisted twine | 
or deer sinews. The Canadian shoe, permitting the] 
soft snow to pass through the meshes, must be lifted | 
by the toe to a considerable height with each step, and 
the shoe dragged along on the snow as the leg is ad- 
vanced, Hencea moccasin is an essential adjuuct to the 
Canadian type. The skee, on the other hand, is slid 
over the snow, by means of the strap shown resting | 
against the instep, and is never lifted from the snow 
except when a jump is to be made. As each shoe pre- 
sents a bearing surface of over three square feet and is 
without openings for the snow to pass through, it is 
claimed that the Norwegian type is preferable to the 
Canadian for use in soft snow. 





banks and ascertaining where the presence and the 
action of the water are so common and usual and so 
long continued as to mark upon the soil of the bed a 
character distinct from that of the banks, in respect to 
vegetation as well as in respect to the soil itself. 

The rule requiring a defined channel with bed and 
banks is subject to a slight modification. If a stream, 
after flowing for some distance in a well defined chan- 
nel, owing to the level character of the grounds 
spreads out over a wide space without any apparent 
banks, yet usually flows in a continuous current, and 
passes over the surface to the lands below, where it 
again forms itself intoa well defined water course, it 
continues to be a water course throughout its whole 
length.* If, however, such stream, instead of reap- 
pearing in a body, had sunk into the soil, and no water 
remained to pass along except under the surface, it 
would have ceased to be a water course. 

On the question whether waters derived from rain 
and melting snow and flowing in a body down a well 
defined ravine or gully form a water course there is 


e of the United States Supreme Court in | 


sions, although in that case,’* the flow of the strean 

|seems to have had a greater degree of permanence. 
Currant Creek was su} plied at certain seasons of the 
year frow springs having their rise and flow along it 

banks and beds, but mostly from the melting suov 
on the mountains. There was no regularity as to quan- 
tity of the water, the amount flowing differing wit) 
the seasons, and being dependent on the character o{ 
the weather during the preceding winter. After a col:i 
winter, when deep snow had fallen, the water flowe: 
in greater quantity and for a longer time than after 
an open winter witb but little snow ; hence the amoun: 
of water varied in summer—according to the testi- 
mony—from nothing to five thousand inches. The 
court held that, notwithstanding the irregular flow, the 
creek was a water course. 

In a case in Minnesota," it appeared that the muni- 
cipal authorities graded astreet across a ravine. The 
ravine was about three rods wide, and on either sic 
was a hill fifteen or twenty feet high. In the bottom 
of the ravine was a well defined channel or water 
course from six to eight feet wide and forr to five fee 
deep. This was the only and usual means of drainag: 
of a considerable tract of country ; but in the absence 
of rains or melting snow, it was usually dry. The 
city constructed a sewer which proved insufficient, and 
the result was that adjoining lands were flooded. The 
courts held that the rules applicable to surface waters 
'could not be applied without considerable modifica 
tion. They said : ‘* We do not deem it necessary to de- 
termine whether this was a ‘ natural water course’ or 
mere ‘surface water ;’ the general common law doc- 
trine that neither the retention nor repulsion of surface 
waters is an actionable injury must necessarily be 
modified in such cases. Ina Rabon and bluffy region 
of country, like that of southeastern Minnesota adja- 
cent to the Mississippi River and its tributaries, inter- 
sected by long, deep cavities or ravines, surrounded by 
high, steep hills or bluffs, down which large quantities 
of water from rain or melting snow rush with the ra- 
pidity of atorrent after attaining a volume of a small 
river, and usually following a well defined channel, it 
must be manifestly inappropriate and unjust to apply 
the rules of the common law applicable to surface wa- 
ter. In many respects such streams partake more of 
the nature of natural streams than of surface water, 
and wust, at least to a certain extent, be governed by 
the same rules. 

III. SUBTERRANEOUS AND PERCOLATING WATERS. 
—In the case of waters flowing underground and per- 








colating beneath the surface, the rules which govern 
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On account of its great length, ten feet, the skee is 

best adapted to use in comparatively smooth and un- | 
dulating country, or through open woods, It is in 
going down hill that the greatest speed is attained, 
and a stout steering or brake pole is very necessary at 
such times to guide the line of travel and to check un- 
due velocity. The drawing is presented as a curiosity 
in the line of ‘‘ rapid transit,” but the editars of this 
journal especially disclaim any liability for mishaps 
accompanying a first practical test of the possibilities 
of this Norwegian invention.—Hngineering News. 
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[From Tue American Law Review.) 
SURFACE WATERS. 


I. Defined. II. Distinguished from Water Courses. 
III. Subterraneous and Percolating Waters IV. 
Overflow to Water Courses. V. Stagnant Bodies. VI. 
Right to Appropriate. VII. Obstruction of Flow. 
1. Common Law Doctrine. 2. Civil Law Rule. 3. 
Modified Doctrine. 4 English Rule. VILL. Drainage 
of Surface Waters. IX. Pollution of Surface and Per- 
colating Waters 





I. DEFINED.—Surface waters are waters coming from 
a casual source—as rains or melting snows—and having 
only temporary flow, although following a well defined 
course when they do occur ;! or are waters which ooze 
through the soil, or diffuse or spread themselves over 
its surface, forming bogs, swamps, and warshes, and 
having no defined channel.’ 

Il. DISTINGUISHED FROM WATER CouRSEs. — In 
defining the requisites of a water course, the courts are 
all agreed that there must bea stream flowing ina 
particular direction, though it need nut flow continu- 
ally. It may sometimes be dry. It must flow ina 
definite channel having a bed, sides, or banks, and 
usually discharge itself into some other stream or body 
of water. It must be something more than a mere 
surface drainage over the entire tract of land, occa- 
sioned by unusual freshets or other extraordinary 
causes.? The courts are also unanimous in holding 
that where rain water flows down a natural depression 
without forming for itself a bed or channel, there is no 





| 





1 Gibbs v. Williams, 25 Kan. 214; #. ¢. 37 Am. Rep. 241; Lessard v. 
Stram, 62 Wis. 112: 51 Am. Rep. 715; Hoyt v. Hudson, 27 Wis, 656. 

® Schaefer v. Marthaler, 34 Minn. 487 ; #. ¢. 57 Am. Rep. 73. 

* Hoyt v. Hudson, 27 Wis. 656 ; Lessard v. Stram, 62 Wis, 112; 51 Am. 
Rep. 715; Palmer v. Waddell, 22 Kan. 352; Gibbs v. Williams, 25 Kan. 
210 ; 37 Am. Rep. 241; Barnes v. Sabron, 10 Nev. 217; Shields v. Arndt, 
2 Green's Ch. (N, J.) 234; Bloodgood v. Ayers, 108 N. Y. 400; 2 Am. St. 
Rep. 443; Barkley v. Wilcox, 86 N. Y. 147; 40 Am. Rep. 519; Luther v. 
Winnisimmet Co, 63 Mass. (9 Cush.) 171; Swett v. Catts, 50 N. H. 499; 9 
Am. Rep. 276. See, also, Schlicther v, Phillipy, 67 Ind. 201. 
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“SKEE,” OR NORWEGIAN SNOW SHOE. 


some diversity of opinion. In Shields v. Arndt,” the 
court said : *‘ There must be water as well as land, and 
it must beastream usually flowing if a particular di- 
rection. Itneed not flow continually, as many streams 
in this country are at times dry. here is a wide dis- 
tinction, however, between a regular flowing stream of 
water, which at certain seasons is dried up, and one 
which in times of a freshet, or the melting of snow, 
descends from the mountain and inundates the coun- 
try.” The Wisconsin court follows the same rule. In 
Hoyt v. Hudson," the court declared that the term 
‘* water course” does not include water flowing in hol- 
lows or ravines in land, which is the mere surface water, 
an 1 is discharged through them from higher to lower 
levels, but which at times are destitute of water. 
Such hollows or ravines are not, in legal contempla- 
tion, water courses. This ruling was followed in a 
recent case,'* and seems to be in keeping with the civil 
law.” 

In Kansas, the courts have rendered decisions which 
support the opposite view. In Palmer v. Waddell," 
the court said : ‘** The rule that the owner of a tract of 
land may obstruct the flow of surface water across his 
land appears to and does have an exception, which is 
where surface water, having no definite source, is sup- 
plied from the falling rains and melting enow, from a 
hilly region or high bluffs, and owing to the natural 
formation of the surface of the ground is forced to 
seek an inlet through a gorge or ravine, and by its 
flow assumes a definite or natural channel and escapes 
through such channel regularly during the spring 
months of every year and in seasons of heavy rains ; 
and such has always been the case so far as the mem- 
ory of man runs.”" 

A Nevada case seems to support the Kansas deci- 





* Ashley v. Wolcott, 65 Mass. (11 Cush.) 192 ; Hoyt v. Hudson, 27 Wis. 
-; cous Stram, 62 Wis. 112; 51 Am. Rep. 241; Bowlsby v. Speer, 

*25 Kan. 210; 37 Am. Rep. 241. 

* See, also, Jones v. Wabash, St. L. & P. Ry. Co., 18 Mo. App. 251. 

755 U. S. (18 How. 427.) 

* Gillett v. Johnson, 30 Conn. 180 ; Macomber v. Godfrey, 108 Mass. 219; 
11 Am. Rep, 349. 
jm Broadbent v. Ramsbotham, 11 Exch. 602; Baffum v. Harris, 5 R. L. 

1° 3 Green's Ch, (N. J.) 234. 

11 27 Wis. 656: 51 Am. Rep. 715. 

19 Lessard vy. Stram, 62 Wis, 112; 51 Am, Rep. 715. 


13 In a case in Scotland, where the civil law is paramount, Lord Mon 
boddo said: “ A magnum or torrens which has not a perpetual course is 
entirely privat juris, and, therefore, the heritor upon whose ground it is 
may make that use of it if he pleases."" Mags, of Linlithgow v. Elphin- 
stone, 5 Brown's Suppt. 


14 22 Kan, 352. 


waters flowing on the surface are applicable so far as 
the circumstances will permit. Streams flowing in body 
underground and having a known and defined course 
are to be treated as water courses, but percolations 
spreading in every direction through the soil are deemed 
to be upon the same basis as surface waters.'"* In Acton 
v. Blundell,"* Tindal, L. C. J., after prefacing his re- 
marks with the statement that ‘the question agreed 
had been in substance this : whether the enjoyment of 
an underground spring is governed by the same rule of 
law as that which applies to and regulates a water- 
course flowing on the surface,” said: ‘‘ We think that 
the present case is not to be governed by the law which 
applies to rivers and flowing streams, but that it 
rather falls within that principle which gives to the 
owner of the soil all that lies beneath its surface ; that 
the land immediately below is his property, whether it 
is solid rock or porous ground or venous earth, or part 
soil, part water ; that the person who owns the surface 
may dig therein, and apply all that there is found to 
his own purposes at his free will and pleasure ; and that 
if in the exercise of such right he intercepts or drains 
off the water collected from the underground springs in 
his neighbor's well, this inconvenience to his neighbor 
falls within the description of damnum absque injurica, 
which cannet become the ground of an action.” 

In a later case,” Pollock, L. C. B.. referred to the 
distinction drawn between subterranean waters flow- 
ing in a body and waters percolating through the soil 
in the following language: ‘“‘If the course of a sub 
terranean stream were well known, as is the case with 
many which sink underground, pursue for a short 
space a subterraneous course, and then emerge again, 
it never could be contended that the owner of the soil 
under which the stream flowed could not maintain an 
action for the diversion of it, if it took place under such 
circumstances as would have enabled him to recover 
had the stream been wholly above ground.” *! 

IV. OVERFLOW OF WATER CouRSES.—Waters over- 
flowing the banks ofa stream, in consequence of the 
insufficiency of the natural channel to hold and carry 
off the same, have been held to be “surface waters ” 
within the meaning of that term.** With the excep- 


16 Barnes v. Sabron, 11 Nev, 217. 

17 McClure v. City of Redwing, 28 Minn. 186. 

1¢ Wheatley v. Baugh, 25 Pa. St. 528; Acton v. Bundell, 12 M. W. 324; 
Chasemore v. Richards, 7 H. L. Cas. 348 ; Bury v. Pope, 1 Cro, Eliz. 118 ; 
Greenleaf v, Francis, 35 Mass, (18 Pick.) 121. 

19 92 M. & W. 324, 348. 

2 Dickson v. Grand Junc, Can. Co, 7 Exch. 300. 

2! See, also, Saddler v. Lee, 66 Ga. 45; 8. c. #@ Am. Rep. 62. 

22 Taylor v. Fickas, 64 Ind, 167 ; McCormic v. Kansas City, St. J. & 
C. B. R. R. Co., 57 Mo. 433 ; 35 Am. Rep. 431 ; Abbott v. Kansas City, *'. 
J. &C. B. R. R.Co., 83 Mo. 271; 53 Am. Rep. 581; Shame v. Kaneas 
City, ete., RR. Co, 71 Mo, 287: Am. Rep, 480, 








1® Quoted with approval in Gibbs v. Williams, 25 Kan, 210. 
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) tion of cases cited, there appear to be no American 
e.ses bearing upon the subject. And there is, so far as 
ean be found, only one English ease which bas only an 
indirect bearing. In that case,” the riparian owners 
had, for the purpose of protecting their lands, placed 
fenders upon the banks of a stream, with the result 
that the waters were prevented from escaping across 
the country as they had been accustomed to do, and 
were thrown back upon the embankment of a canal 
which suffered injury. The court held that the fend- 
ers Were an unwarrantable obstruction or diversion of 
the stream, and that the proprietors might be indicted 
for maintaining a public nuisance. The court also 
declared that no distinction could be made between 
the ordinary course of water flowing in a bounded 
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channel at all usual seasons and the extraordin- 

{ary course which its superabundant quantity has 
been accustomed to take at particular seasons. No 

| good reason seems to exist for naking a distinction be- 
tween an erection placed upon the bank of a stream 

| and one placed at a distance from the bank, and it would 
therefore appear that the American and Euglish cases 
can seareely be reconciled. 
As soon, however, as the overflowed water regains 
the water course, it cannot, in any event, be any longer 

{ deemed surface water. In Iowathe court has held 

‘that if water left the banks of a well defined stream, 

} flowed over adjoining lands for a short distance and 
was then stopped by an embankment and forced back 
into the stream above a culvert, they were not surface 
waters, but must in determining the sufficiency of the 
eulvert be regarded in the same light as if they had 

i continuously flowed in the stream.” 

« \. STANGANT Bopiks.—A body of water forming a 
lake or pond, and having no outlet, is governed by the 
same rules as are water courses.”* A body of water four 
and a quarter acres in extent, in a natural depression 
forming a basin, was fed solely by surface waters pro- 

; duced by rains and melting snows falling upon higher 

adjacent land, and running naturally into such basin. 

The greatest depth of water in the basin at the deepest 

place was, at an ordinary stage, five feet, and at the 

same stage its greatest depth on the line between the 
lands of the parties on whose grounds it was situated 
| was two and nine-tenths feet. The character of the 
soil under the basin was such that it retained the 
| water, so that the only waste was from evaporation, 
except during high water for six or eight weeks in the 
year, when it overflowed through a natural channel on 
the land of one of the parties. ‘There was another natural 
channel, through which, during heavy rains, aud when 
there was an accumulstion of water on the high lands 

‘from melting snow, the water flowed into the basin. 
The lands adjoining had been occupied and farmed for 

\thirty years. and the body of water had never, so far 
fas known, been dry except at a time of extreme 
drought in the year 1864. In winter the water froze to 
the bottom, but by cutting through the ice and dig- 
ging into the mud at the bottom, water for stock could 
be obtained. It was heid that this body of water, 
though only supplied from waters coming into the 
basin over the surface of adjoining lands, from rains 
and melting snows, must be governed by the same 
tules as water courses, and that one of the owners on 
whose land it was situated could not drain it off with- 
out theland owner's consenf,** 

The court said : ‘‘ It is somewhat strange that, so far 

as we are able to ascertain, there is no case reported 

which decides the rights, with respect to a body of 
water, of the different owners of the land on which it 
lies. The cases most nearly analogous are those relat- 
ing to water courses. When surface waters 
reach and become part of a natural water course they 
lose their characters as surface waters, and come un- 
ler the rules governing water courses. . . . When 
they have ceased to spread and diffuse over the surface, 
or percolate through the soil; when they have lost 
their casual and vagrant character, and have reached 
and come to rest ina permanent mass or body, ina 
natural receptacle or reservoir, not spreading over or 
soaking into the soil, forming a mere bog or marsh, 
they cannot be regarded as surface waters any more 
than they can be after they have entered intoa stream. 
The mass or body of water constituting a lake or pond 
isan advantage or element of value to the lands upon 
which nature has placed it, of the same kind as is the 
water course to the lands through which nature has 
caused it to flow. Thereisno reason which can be 
suggested why the stream should be the property of 
tach on his own land, of all the lands through which 
it flows, and why one owner should not prevent its 
flow as nature caused it to flow upon the land of an- 
other, that is not equally applicable to a body of water 
like this ; and none ean be suggested why the rights of 
the owners of the lands upon which nature has placed 

it should. not be equal to the rights in respect to a 

stream.” 


(To be continued.) 


MARINE ENGINE GOVERNORS.* 
By Mr. J. D. CHURCHILL. 


THE writer does not propose to go into the mechanical 
question, but is more particularly desirous of bring- 
tug before your notice some facts connected with 
Marine engine governors which may not have present- 
d themselves to your winds; also to meet the objec- 
tions sometimes raised to the detriment of governors, 
feeling confident that, if they were more thoroughly 
understood, they would be much wore highly appre- 
elated, and the frivolous objections sometimes raised 
Would be appraised at their real value. 

_Judging by the writer’s experience, which is far from 
limited, governors have rarely received the attention 
they deserve. They have a very considerable and di- 
fect bearing on, or connection with, the question of 
Preventable damage and losses at sea; consequently, 
they ought to receive special attention from those 
interested. Where human life and enormous amounts 
\of valuable property are at stake, it is the bounden duty 
of all concerned, whether owners or otherwise, to insist 


| ™ Rex v. Tafford, 1 B. & A. 874. 


™“ Sullens v. Chicago, R. I. & P. Ry. Co. (Iowa), 38 N. W. Rep. 545. 
te also, Moore v. Chicago, B. & Q. Ry. Co. (Iowa), 39 N. W. Rep. 











* Schaefer v. Marthaler, 34 Minn. 487 ; 57 Am. Rep. 73; Alcorn v. 
Sadler (Miss.), 5 So. Rep. 604. 


* Schaefer v. Marthaler, 34 Minn. 487 : 56 Am. Rep. 73. 
* Paper read before the Institution of Marine Engineers. 





on every possible ‘precaution being taken to minimize 
the risk; therefore, any appliance or arrangement 
which in any way tends to this desideratum demands 
careful and prompt consideration. Political econo- 
wists tell us that every loss, whether of life or property, 
is a national loss, and is not confined to the individual. 

It is not necessary for the writer to explain the me- 
chanical details and action of his own velometers and 
governors, seeing that there are upward of 2,200 of 
them in use, which may be accepted as ample proof of 
their efficiency. The compound attachment is an ar- 
rangement actuated by the governor, by which all the 
eylinders may be controlled. If perfect governing is 

uired, this should be fitted in all cases. 

The writer’s remarks refer solely to governors oper- 
ated or driven by the main engines, as he considers all 
others are but very poor apologies and not entitled to 
the name of *‘ governors,” as they have only occasional 
control over the engines, not available in case of acci- 
dent, whereas a real governor, properly fitted and 
worked, has continuous control over all the cylinders 
under all conditions and circumstances. 

Governors are frequently fitted in positions most diffi- 
cult, sometimes dangerous, to get at, giving the idea 
that they are not intended to be used, only viewed 
from a distance. Consequently they are not always 
kept in proper working condition, much less continu- 
ously at work, as they ought to be. This is not fair 
to the makers, and, unfortunately, they are not ina 
position to insist on proper fitting and location of the 
machine. A strong protest ought to be entered against 
governors being considered as only rough weather at- 
tachments. They are that and very much more. A 
governor is as much an integral part of an engine asa 
safety valve is an integral part of a boiler, or an auto- 
matic brake isof atrain. The law compels you to fit 
these to prevent accident. For precisely the same 
reason it ought to be compulsory to fit a governor. A 
governor is, pre-eminently, a safety appliance, and 
not, as most people imagine, simply a machine to pre- 
vent racing. It is a safety appliance directly affecting, 
as it tends to prevent or minimize the effects of a 
breakdown, and possible loss of life and property at 
sea, and as such it ought to receive very special atten 
tion from those responsible for the lives of our sailors 
and passengers. 

The machine ought to be so fitted as to be easily 
accessible from the starting platform, and so that when- 
ever the engines are at work it shall be in operation. 
It ought not to be optional with, or even left to the 
discretion of, the engineer on watch to decide when it 
shall be put on, unless you can make it optional with 
him, or leave it to his discretion, when an accident 
shall happen. It is an automatic check i: case of acci- 
dent, and common sense and common humanity de- 
mand that it should be a permanent attachment and 
continuously at work. 

A good governor, if properly fitted so as to control, 
at any rate, two out of the three cylinders, will pre- 
vent racing, but it is unreasonable to expect it proper- 
ly to control a three or four cylinder engine when it 
only has hold of the high pressure cylinder, thus leav- 
ing two-thirds or three-fourths of the engine uncon- 
trolled just at the most critical moment. If a governor 
and compound attachment are properly fitted to an 
engine, no matter how many cylinders it may-have, it 
will be held under perfect control with full steam on, 
and the ship may be driven—so far as the engines are 
concerned, and without reference to those on deck—at 
full speed in the heaviest weather, and there will be 
no indication of racing. 

It is in heavy weather, when the engines are sub- 
jected to violent shocks and stresses, caused by exces- 
sive and sudden variation of load, that the damage 
commences, but, owing to the engines being eused 
down, the beginning of an accident does not then ap- 
pear. When the weather moderates the real danger of 
a breakdown arises, as ful] steam is then put on, stress- 
ing everything to its utmost, and then follows the 
collapse. Perhaps it has never occurred to many to 
notice when breakdowns take place. By far the 
largest proportion occur in fine weather, and not in 
rough weather. It is in fine weather that the engines 
are most severely pressed. 
engines will fly away at an unknown speed, and, be- 
fore the engineer has time to think, much less to act, 
it is through the ship’s side or bottom, or the stern is 

retty well shaken off, in either case producing serious 
eaks, as in the case of the s.s. Danmark, where some 
800 lives were in peril from this very cause. If a good 
governor = fitted is continuously at work, the 
engines could not practically exceed their normal 
speed ; thus the danger and damage would be reduced 
to a minimum in case of accident, as it would give the 
engineer in charge a chance to stop the engines before 
much damage could be done. 

The injurious effects of racing are felt throughout 
the whole engine and its fittings, and the author can- 
not do better than quote the words of a well known 
writer on this subject, Mr. T. G. Barron, who speaks 
from long practical experience at sea. He says: 
‘* When,an engine attains suddenly a speed of double 
the number of revolutions per minute at which it is 
intended to run, and is as suddenly brought up to its 
normal rate, it may be said to be racing, although 
very much worse racing than this is common enough ; 
and the whole strain of the sudden check to the engines 
caused by the extra resistance offered by the water to 
the propeller as it dips, after being partially or wholly 
lifted out of the water, must necessarily be transmitted 
through the whole length of shafting and coupling 
bolts from the propelier shaft to the crank shaft. If 
the governor is quick enough to check the racing be- 
fore the propeller is again immersed, the twisting 
strain to the shafting will be avoided, or at least great- 
ily reduced. 
| ‘* There is also a severe straining to the pumps, pump 
rods, and links, caused by the racing, the pumps being 
|unable to deliver the water quickly enough ; and the 

bucket valves coming down heavily on the surface of 
| the water put extra weight on the rods and other gear, 
as well as destroying the valves. The feed pumps be- 
ing only partially filled with water, and the rams com- 
ing suddenly in contact with it, give a shock to the 
| barrels of the pumps, and also to the pump crosshead. 
|ete., which-is not the case when running at their nor- 
mal rate. A continuance of this vibration loosens the 
foundation plate of the engine, and in fact it would be 
difficult to say where the evil of racing ends, and it is 
only necessary for the shipowner to know a small por- 











| tion of it, in order to see the benefit of a thoroughly 


If the shaft breaks, the} 
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efficient governor 

Only quite recently we have had reports of serious 
damage having been done by racing to the pump 
valves, coudenser doors, ete. i. one case the conden- 
ser doors were cracked, and the main steam pipe caused 
to leak, uecessitating the stoppage of the ship at sea 
for repairs, generally a very difficult and dangerous 
operation. Among other very serious results of racing 
is the loosening and frequent fracture of the stern tube 
and bush, and damage to the hull caused by excessive 
vibration ; also the great alarm it causes on board 
passenger steauships, a serious consideration, though 
it has neither a mechanical nor economical bearing. 
There is also the prejudicial effect of vibration, such 
as that produced by racing, on the chronometers and 
com passes, ' 

This is confirmed by the leading makers of these 
instrnowents. If an ungoverned engine gets away, 
which it may easily do, to three or four times its nor- 
ma! speed, it will cause Considerable agitation of the 
water in the boiler, materially facilitating, if not act- 
ually causing, priming, especially in boilers so inclined, 
thereby incurring the risk of serious damages in the 
steam pipes by water hammering, and breakages in 
the cylinders. The condenser is liable to become over- 
heated, owing to the circulating pumps not working 
efficiently at racing speeds, causing partial or total loss 
of vacuum when the full power of the engines is re- 
quired, danger of leakage, and breakdown of conden- 
ser through undue expansion and contraction. Thege 
difficulties can only be overcome either by throttling 
(wire drawing) the steam, or else linking the engines 
up. in both of which cases there is a material loss of 
power and speed, which can almost entirely be avoided 
by the use of a proper governor. 

It is sometimes stated that even if triple engines do 
race, it is not as objectionable as with two-crank en- 
gines. Such a remark can only apply to one’s personal 
comfort, as acceleration of speed means a considerable 
increase of wear and tear, All experience proves that 
under similar conditions a three-crank engine will get 
away more quickly, and run at a higher speed, than 
one with two cranks. Granted the three-crank may 
run more smoothly than a two-crank, and its racing, 
therefore, would not be so uncomfortab!y perceptible ; 
but all other objections and risks remain, and, if any- 
hieg are increased. 

While compound engines were in vogue, there was 
hardly an engineer but whoinsisted on having them 
fitted with reliable governors ; but since the introduc- 
tion of the triple compound engine, an idea seems to 
have got abroad that they do not require governors— 
why or wherefore it is difficult to explain. There is 
no doubt that the late low prices and keen competition 
have considerably militated against governors ; and 
the writer cannot but think it is a ‘‘penny wise and 
pound foolish ” policy to cut them out of the specifica- 
tion. A paltry saving of a few pounds as compared 
with the value of human life, and the jeopardizing of 
such enormous ivterests, seems a parsimonious course, 

Sowe engineers maintain that triple expansion en- 
gines, ‘** being so well balanced,” do not require govern- 
ors. Now it appears to the writer that this is an idea 
that has been adopted without due consideration, and 
he hopes to prove the argument untenable. So far as 
the writer can learn from these gentlemen, the balanc- 
ing consists in the engines having three cranks, thus 
giving a more uniform turning moment to the crank- 
shaft than in the compound engine. Noone will deny 
that the three cranks may balance each other, but - 
there the balancing ends, for as soon as you get away 
from your cranks the unbalancing commences ; first of 
all in the weights of the pistons, the low pressure be- 
ing from four to six times the weight of the high 
pressure ; then, secondly, there is frequently a very 
large discrepancy in the power developed by the re- 
spective cylinders, which fact seems to have escaped 
the notice of the disbelievers in governors. 

Of course, this statement may be met with the re- 
mark that such ought not to be the case. It is ad- 
mitted that it ought not to be, if it could be avoided, 
but it cannot be denied that through some cause or 
other this is invariably the ease. The writer origi- 
nally intended to have got together as large a number 
of indicator cards as possible, and from them to have 
worked out the indicated powers, but on further con- 
sideration it occurred to him that he might be charged 
with selecting only those ecards which would support 
his line of argument. ‘l'o avoid anything like a suspi- 
cion of this, he turned to the technical journals for in- 
formation, for authoritative information, and there 
can be no question of incorrectness, the articles having 
been prepared by those who knew exactly what they 
were writing about, thoroughly competent men, who 
have undoubtedly presented to us the best phase pos- 
sible of their respective engines. 

The writer has referred to all the accounts he could 
find in these papers of the trial trips of a number of 
steamships fitted with triple compound engines, and 
finds that the discrepancy between the power devel- 
oped by the cylinder doing most work and that doing 
least in any one engine is not less than 3402 per cent. 
on the average. The analysis of these discrepancies is 
very interesting. On reading this paragraph over to 
an engineer, the writer was met with the reply: ‘ The 
low pressure, generally indicates more than the high 
pressure because of the pumps.” This led him to ana- 
lyze the cases in question, with results as follows, 
which are scarcely in keeping with the explanation 
given. 


H.P. is highest in 33 “y cent. of the cases. 
LP. we 1666 * ” 
L.P. 50 
On further analyzing this the writer finds that the 
H.P. is highest and L.P. is lowest in 33°33 per cent. 
H.P ” 16°66 - 


“ “ iy 


Int. es - 
L.P. 5 “2 H.P. sat 83°33 “ 
L.P. i = Int. es 16°66 ue 


These discrepancies, it must be borne in mind, have 
all appeared when the engines have been working un- 
der the most favorable conditions, and when in the 
hands of the most skillful men, working under the 
closest supervision of those interested in obtaining the 
best results. When these engines are put to their or- 
dinary work, these discrepancies come out very much 
heavier. The best engine included in the groupgiving 





the above average only showed a discrepancy of a littie 
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over 10 per cent. in the published report of her trial 
trip, but the writer has seen numbers of her cards un- 
der ordinary working conditions, and finds that the 
difference is never less than 23 per cent. In 
trip reports 71°49 per cent. of the cases show a dis- 
crepancy of 25 per cent. and upward, and 21°42 per 
cent. show discrepancies of upward of 50 per cent. It 
is aremarkable fact that not one of the engines re- 
ferred to in the reports on the trial trips is anywhere 
near being balanced, and some of them in ordinary 
work show more than double the difference indicated 
on the trial trip. 

The writer considers the above figures pretty well 
dispose of the theory of perfect balancing, which is so 
frequently referred to in contravention of facts, and 
fully proves the fallacy of ignoring governors, on this 
ground, at any rate. Not long ago a friend of the 
writer's was in treaty with a well known engine build- 
er for a pair of triple compound engiues. When they 
came to the question of governor, the builder assured 
the intending purchaser that he built engines strong 


the trial | 


| have heard of many Very varrow escapes from similar 
| eauses, in which they have only just had time to get 
| the bulkhead doors closed and so save the ship. 
It is hoped that the facts set forth in this paper 
prove the necessity of having a thoroughly efficient 
governor, properly fitted, and continuously running. 
Of course, it is impossible for a governor to prevent 
breakdowns, but when they unfortunately oceur the 
|effects are mimimized. The following is an extract 
from a letter received from a well known engiueer: 
‘The non-fitting of a governor is a piece of culpable 
negligence ;” expressing an opinion in which all inte- 
rested in steamships should fully coneur. The writer 
trusts he has succeeded in bringing forward and es- 
tablishing many reasons why governors should be 
| fitted. Many of these reasons he has never heard re- 
| ferred to in discussing the question, and can only con- 
|clude that they are not generally known. If these 
facts cause governors to be considered as necessary per- 
manent attachments for marine evgines, he will feel 
' that his work in preparing this paper on ‘“‘ Marine En- 
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1. Closing hole in tunnel. 


THE HUDSON 


enough to stand any amount of racing. The writer, to 
convince his friend that the statement was not true, 
took the trouble to hunt up the breakdowns of engines 
built by these particular builders. Itis certain they 
would not like the writer to reply to their ad captan- 


dum statement by publishing the list, which contains | 


a good round “baker’s dozen” within short 


period. 


a& very 


During the last eighteen months the writer has re- | 


ceived particulars of 217 accidents to cranks, screw 
shafts, and propellers at sea. This number is exclusive 
of fractures and other defects found out in port and 
repaired. Out of the number 127 were broken shafts, 
in every one of which the safety of the ship and the 
lives of the crew and passengers were more or less im- 
periled. The cases referred to, doubtless, only form a 
minor portion of the total aecidents. Besides these, 
there are numbers of screw steamers missing every 
year with all on board, and the writer is supported by 
competent authorities in the opinion that the major, 
or at any rate a very large, portion of these have gone 
to the bottom through accidents similar to that which 
occurred to the s.s. Danmark, wherethe broken shaft 
pounded a hole through her bottom. Doubtless, all 


RIVER TUNNEL AND THE 





2. Plan of shaft and tunnel openings. 8. The tunnel entrance. 4. View at foot of west shaft. 
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| gine Governors—beneficially considered,” has not been 
|spent in vain, and trusts the future will prove that 
| he has, if only in asmall degree, contributed something 
| to the comfort and safety of those at sea. 





THE HUDSON RIVER TUNNEL. 


THE Hudson River tunnel, designed to give passage 
for railway trains under the wide body of water that 
separates New York from Jersey City, is again in 
process of construction. Some twenty years have 
| elapsed since it was proposed in its present shape by 
| the eminent engineer Mr. D. C. Haskin. It is the prop- 
|erty of the Hudson Tunnel Railroad Company, a cor 

poration organized under general laws of the States of 

New Jersey and New York, but which laws were 
passed for its benefit. It has a capital stock and has 
issued bonds to the amount of ten millions of dollars 
each. Were it now completed, there would be some 
300 trains each way that would pass through it every 
day. For telegraphic cables, pneumatic tubes, and 
lent. urposes, its uses would be of considerable ex- 
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tent. he construction of other tunnels to the north 
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and south of the present work is in contemplat on 
also. 

A year was occupied in taking a most exhaust ve 
series of borings all along the proposed line of the ti-n- 
nel across the Hudson River. These determined ihe 
fact that a bed of silt, admirably adapted for the work, 















extended most of the distance. In November, 1574, 
active work began on the New Jersey shore, under the 
general railroad laws. A month later an injunction ar- 
rested its progress, and for nearly five years nothing 
was done. It was in this interval that the passage of 
the special laws alluded to was obtained. Work bean 
again in September, 1879, and all went smoothly for- 
ward. Inthe SCIENTIFIC AMERICAN of May 8, i880, 
will be found an illustrated article on the operations of 
that early period. On July 21, 1880, an accident |.ap- 
pened, in which twenty men were shut up in the tun- 
nel and perished, the tunnel being flooded with water 
and partly collapsed. This occasioned more dclay, ( 
which was to be regretted, independent of the dread-/ 
ful loss of life and the popular stigma which it ten:jed| 
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PROGRESS UPON IT. 


to place upon the tunnel. With much difficulty t 
damage was repaired and the bodies of the unfort 
nate men were recovered. Again, on November 4, 188 
work was stopped on account of the fatal illness of tht 
president of the company, Mr. T. W. Park, and wag 
not resumed for want of money. Up to this timé 
about $1,050,000 had been expended, not counting 10 
terest or private expenditures of the originator of tli 
tunnel, Mr. D. C. Haskin. Recently new capital! 
been subscribed, largely by English capitalists. Wit 
in the last few months the tunnel has been pum 
out and work recommenced. Three weeks of regul 
construétion have advanced the north tunnel nearly 
fifty feet beyond the point reached in 1882. : 
The tunnel is built under the plans of Mr. D. @ 
Haskin. Vertical shafts were sunk near the shores of tht 
river. Theoneon the west shore is sixty-five feet deetf 
circular in section, and thirty feet in internal diameter 
The walls lining it are four feet in thickness. Fro 
these as starting points two tunnels commence, divé 
ing slightly and coming later into parallelism with e@ 
other. Each tunnel is lined with a shell of stee!, bu 
up of plates secured at the joints by angle irons p 
jecting inward. The steel is three-sixteenths thie 
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as at present used. Within this shell a brick lining is 

placed, of the best brick, laid in hydraulic cement mor- 

tor. The brick lining is two and one-half feet thick. 

The tunnels were started by pneumatic process, and 

tne work is now prosecuted under air pressure. In 

general terms a bulkhead is established at some point 

i. the tunnel near the outer end. Through this an air 

jcck extends, and a constant air pressure is maintained 

there. The workmen find in front of them a face of 

silt to cut through. It is cut out by shovels and is 

removed by small tram cars, beginning at the top. As 

fast as removed, the plates of the outer shell are 

b-ought forward and bolted to the anterior course, and | 
tl.us as the silt is removed the plates are put in place, | 
util a complete circle is formed. As fast as a series | 
of circles are finished the brickwork is put in, and the} 
tunnel is complete to that point. To still further pre- 

vent air leakage, the brick Is treated with a surface | 
wash or thin coating of cement mortar. 

Chis in brief is the plan originated by Mr. Haskin, 
and now followed, and concerning which much debate | 
was carried on by engineers at the time of its first sug 
gestion. It is essential that a proper material should 
exist to form the heading, or else special iethods have 
to be adopted. Outlined above, the plan is given in its 
essentials only. 

[he present tunnels are in internal dimensions 
eighteen feet high and sixteen wide, and of oval sec- | 
tion. The grade of the tunnel is determined by the 
limitation of a maintenance of at least fifteen feet of 
earth between the bed of the river and the top of the 
tunnel. Its line begins in Jersey City on Jersey 
Avenue and 15th St., running east to Hudson St. Here 
it begins to curve to the extent of 5° to the northward 
in its entire course from this point to the New York 
City bulkhead line at the foot of Morton St. Thence | 
the line tends slightly to the south and extends to 


WORK 


Broadway. The distance from the western terminus | 
to Hudson 8t. is 3,400 feet, thence to the foot of Morton | 
St. 5,500 feet, and thence 4,000 feet to the eastern termi- | 
hus. Of course some of the terminal figures may be | 
slightly modified. 

On the New York side, work has been begun upon | 
both the north and south tunnels ; at present no work | 
isin progress there, the north tunnel being advanced | 
about one hundred and fifty feet, and the south tun- | 
nel being barely commenced. On the New Jersey side, | 
the north tunnel was advanced 1,84) feet, and the south | 
tunnel nearly 600 feet, when work was suspended, | 
seven years ago. At the present time nearly fifty feet 
have been added to the north tunnel, and at a very 
early day work will be prosecuted in the four headings 
simultaneously. 

In the north tunnel, on the New Jersey side, two air 
locks are used. About 1.200 feet from the entrance a 
bulkhead of brick four feet thick is built. This is 
braced by diagonal timbers, so as to make it exceeding- 
ly strong. Through this a eylinder of heavy sheet 
iron, sixteen feet long and six feet in diameter, is car- 
ried. It is provided with two doors, both opening to- | 
ward the heading. Plate glass windows in the ends} 
admit of communication by exhibition of written 
messages. This constitutes the first air lock, and in 
front of it a pressure of air of about twenty-five pounds 
to the square inch is maintained. A short distance 
back of the heading is the second bulkhead with its 
air lock. It is deemed essential that this bulkhead 
shall be close to the work. In front of it the pressure 
is kept at 82 to 34 pounds. The two locks make it | 
much easier to enter than in the generality of caissons, 
where the full change of pressure has to be undergone 
in one lock. 

On entering the tunnel from the shaft it is found to 
be about two-thirds filled with silt. On this a narrow 
gauge tramway is laid, which is continued through the 
air locks. The tunnel is kept filled to this extent, the 
removal of this portion of the excavated ground being 
left to the last. On passing throngh the last air lock 
the vertical] face of silt is seen. ‘his is a clay-like sub- 
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| isan indispensable adjunct to the work. 


| overcome by a very ingenious method. 


| old wire rope, ete. 





| Portsmouth in the early part of the year. 


stance, of the consisteney of putty, and, as the engineers | 
put it, holds water and air. It possesses so much cohie- | 
sion that, supported by the air pressure, it excludes wa- | 
ter perfectly. 

Here the men are seen cutting it away in stopes, | 
putting the iron plates in position and laying brick, | 
The tramway is used for removing the silt and bring- | 
ing in the material. Each row of plates is called a | 
ring, and four rings constitute a section, which is ten | 
feet long. The bricklayers work directly behind the | 
plate layers, the former beginning their work at the 
invert, generally working the length of one section. 
The average of progress of the finished tunnel is three 
feet a day, but greater progress will soon be made. 

In advance of the large tube a smaller one called the | 
pilot tube is carried. This is made of 44 inch iron 
plates and is but 6 feet in diameter. It is carried from 
30 to 60 feet in advance of the main tunnel. The radial | 


| braces are supported by it, which support the plates of 


the main tunnel tube while being put in place. The| 
pilot gives the ground a thorough exploration, and en- | 
ables any weak spots to be more easily guarded than | 
if the main tube was at once advanced. It effects other | 
important results, such as the prevention of slides, and 


Before any of the new work had been finished, opera- 
tions were delayed by a large hole where the river bot- 
tom had caved into the end of the tunnel. This was 
An old sail was 
procured and placed upon a rough network, made of 
A quantity of loose hay, brick, and 
stones was placed in its center, and around the heap a 
wall of bales of hay, two high. was carried. The pit 
this formed being filled, the sail was gathered together 
and the netting was carried over its top, and the whole 
was brought into a roughly globular shape, about ten 
feet in diameter and weighing twenty-five or thirty 








NEL AND VIEW OF PILOT. 





tons. It was hoisted by a floating derrick, and lowered | 
at slack water into the hole. Upon it a quantity of 
hay and stones and other material, followed by three 
scow loads of earth, were deposited. This effectually 
stopped the leak, and the place is now well back of the 
heading. 

The favorable nature of the material and the fact 
that the four headings are well started puts the tunnel | 
in a position for rapid completion. For the north tun- 
nel about 550 days will be required to carry it from 
shaft to shaft. For the south tunnel about 700 days 
are allowed. This is the work that presents the most 
serious difficulties. The terminal sections can be put 
in progress at any time. In New York very extensive | 
plans for underground terminal and intermediate sta- 
tions have been designed. In Jersey City the end of 
the cut leading to the tunnel is within easy reach of all 
the railroads terminating there. About $2,000,000 will | 
be expended in completing the river section of the north 
and south tunnels. 





TORPEDO BOAT WITH PETROLEUM FUEL. 


OUR engraving illustrates a torpedo boat recently 
built by William Doxford & Sons, of Pallion Yard, 
Sunderland. Fig.1 is a general view of the vessel, Fig. 


| 2 is a longitudinal section, Fig. 3a deck plan, and Fig. 


Figs. 5, 6, 7, 8, 9, 10 show the posi- 
tion of the machinery. Figs. 11 to 21 illustrate the 
boiler. Fig. 22, page 11790, is a diagram giving 
curves of speed, power, ete. It will be remembered 
that a preliminary trial of this boat was made at 
Since then, 
during a recent visit to the north, we have had an op- 
portunity of seeing the boat under way upon a more 
extended trial made in the by no means placid waters 
of the Northumberland coast. A very complete series 
of progressive trials have been carried out, the results 
of which we are now enabled to lay before our readers, 
together with particulars of the vessel herself. 

Our illustrations will show the character of the boat. | 
She is 137 ft. long by 13 ft. 9in. wide by 9 ft. 3in, deep. 


4a sectional plan. 


land aft girders of H section. 


| boat. 





She is built of galvanized mild steel, and is of excep- 
tionally strong construction. As stated in our previous 
notice, the plating and general construction are sogood 
that it is hard to believe the boat was not built on the 
Thames; a statement which, we believe, some of our 
north country friends took at the time as a very left- 
handed compliment. ‘The cabin accommodation and 
machinery space isas shown. A point which may be 
mentioned in connection with the construction is that 
the bottom is double, forming a series of tanks, the 
positions of which are shown in Fig. 2. These are pri- 
marily intended to carry the liquid fuel, which forms 
the most striking feature in the design of the boat, 
but they can be used for water ballast. In either case 
they add greatly to the stability of the vessel. There 


}are eight of these built-in tanks, which together will 


hold 138 82 tons of liquid fuel. The arrangement is such 
that any one tank can be pumped out separately, or 
the whole can be operated simultaneously. All are 
fitted with filling, air, and sounding pipes. The small 
Worthington pump shown in the stoke hold, which 
supplies the liquid fuel to the burners, is constructed 
for pumping oil from any craft alongside into these 
tanks or from one tank into another. 

The conning tower, in which is fitted the steam steer- 
ing gear, engine room telegraph, ete., is built of steel 
armored plates, strongly supported by hollow steel 
stanchions carried down to the ship’s floors. 

The stem of the boat is of cast steel, having project- 
ing shelves for connecting to fore and aft keelsons, and 
is carefully supported for ramming. The bottom end 
is shaped and scarfed to take the. forward keel plate. 
The stern frame is also steel, with large surfaces 
worked inside for firm connection with the whole of 
the boat. The rudder frame is of forged steel, plated 
with galvanized steel sheets on each side, and having 
the center space filled in with teak. The frames of the 
boat are of galvanized steel angles, 244 in. by 144 in. by 
*; in. and 21 in, apart. The floor plates are 9 in. deep 
by in. thick, and increase in depth, necessary for 
forming various seatings for engines and boilers. The 
fore and aft keelsons are formed of T bars 8in. by 214 in. 
by ,4, in., with flanged plates carefully fitted on butts, 
and all riveted to double reverse bars. Intercostal keel- 
sons also extend right fore and aft, formed of solid 
flanged plates, riveted to the reverse frames. At the 
fore and aft ends these keelsons are worked out, and 
carefully connected with the shell and stern posts. 

The plating, which presents a uniform and even sur- 
face, varies considerably in thickness according to the 
position occupied, and is single riveted at the edges, 
and double and treble riveted through the butt straps. 
The latter are properly shifted clear of one another. 
The thickest plates are those on the keel, the raw, and | 
round the stern tube. There are eight water-tight 
bulkheads in the boat, and each compartment is fitted 
with either one or two ejectors, according as its capacity 
dewands. The engines are of the triple compound 
type, with cylinders 15 in., 22 in. and 334 in. in diameter 
by 18 in, stroke. The engines do not present any special 
features of novelty, but are good examples of torpedo 
boat machinery, the large bearing surfaces and well 
balanced parts, togeth@r with the lightness of the re- 
ciproeating parts, enabling them to be run at the high 
speed required. The arrangements for lubrication are 
very complete, Every working part excepting the re- 
versing weighshaft, and the back end of the drag links, 
has a separate oil pipe leading to the front of the eylin- 
ders, where it terminates in a small sight cup and oil 
valve. The latterare fed from a continuous horizontal 
oil pipe running from end to end of the cylinders, which 
in turn communicates with. an oil tank placed immedi- 
ately under the deck. This tank is fitted with a cock, 
which enables the whole lubrication to be stopped by a 
single movement. 

Each eylinder has a piston valve with deep packing 
rings and springs. The valve spindles are specially 
guarded against the pull and shove of the drag links, 
The pistons are of cast steel of the usual dished form, 
fitted with Ramsbottom. packing rings, and have a 
clearance of 1g in. at the top and Y in. at the bottom, 
with a view of economizing the steam tothe greatest 
possible extent. The reversing links are of the double 
bar type, with solid pins forged on for receiving both 
the eccentric rod double eyes and the drag links. The 
connecting rod bottom ends are forged solid with the 
rectangular body of the rod, and afterward slotted 
through and fitted with bolts and nuts for adjust- 
ment. 

Parson's « hite metal is used forthe bearing surfaces. 
The bed plate is of cast steel, and consists of six 
thwart-ship girders of the box section and two fore 
The thwart-ship girders 
are recessed to receive the main bearing brasses, which 
are half round on the bottom for the purpose of easy 
withdrawal. These brasses and their keeps are also 
east steel lined with Parson’s white brass, and are ofa 
total length of 5644 in. 

The crankshaft is in one piece of forged steel 54 in. 
diameter, with a 2in. hole drilled through the crank 
pins, and 144 in. hole drilled from end to end of the 
body of the shaft. It runs in Parson’s white wetal 
throughout. The eccentric sheaves and straps are of 
east steel, the latter being lined with Parson’s white 
brass. 

The air pump is single acting, 164 in. in diameter 
and 6 in. in stroke, driven by levers and connecting rod 


| froma crank forged solid on the fore end of the main 


erankshaft. It discharges its water into a hot well, 
from which itis in turn pumped by a Worthington 
type of feed pump into the boiler. The levers also 
drive a bilge pump 24¢ in. in diameter and 6 in. stroke 
at one end of the air pump crosshead, and at the other 
a similar pump is used for circulating water through 
the guides of the main engine and other places. 

The condenser, which is placed at the back of the 
engines, is of sheet copper, and flanged in sections, 
these being bolted together with stiffening rings be- 
tween the flanges, so as to readily resist the external 
pressure. It contains 1,745 square feet of cooling sur- 
face. The tubes, which are of brass, are 862in number, 
and 5, in. outside diameter. They are secured in the 
tube plates by screwed ferrules and cotton packing in 
such a way as to effectually prevent them becoming 
displaced. The condensation water is obtained by 
natural circulation, the quantity being regulated by 
injection and discharge valves on the outside of the 
These valves are adjustable from the inside by 
screws and handwheels. These are peculiar in thiem 
selves, inasmuch as they open in such a way as to 
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form scoops for collecting or discharging the water as| The thrust block hasa series of twelve rings all faced 
the case way require, and also opening only to the ex-| with Parson’s white metal. Each ring has a separate 
tent necessary to collect or discharge that water, thus| sight cup and oil valve, similar to those already de- 
offering no more resistance to the forward motion of | scribed on the front of the cylinders. The thrust is 
the boat than is necessary for circulating the water| transmitted direct to the fore and aft girders of the 
through the condenser. This is a great advantage| maiz: engine bed plate. It is in this way distributed 
over the ordinary fixed scoop. In addition there is a| over no fewer than five of the ship's ordinary floors, 
4in. centrifugal pump fitted for circulation. afd seven special floors forming part of the attach- 








ment of the bed plate to the skin of the boat. It may 
be remarked that the whole of the boat's construct ion { 
here is of solid flanged steel plates, not a single pice 
of angle bar existing in the whole of the engine seat- 
ing. The only other attachment between the thrust 
block and the boat is one which communicates no mre 
strain than that necessary to prevent the block turn- 
ing with the shaft, the result being that there has b-«n 
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no sign of heating throughout the trials. The block 
accommodates itself to the slightest alteration of the 
shaft when forcing the boat through a heavy sea. 

The propeller is 6 ft. in diameter, and 8 ft. 3 in. 
ean pitch, and is of solid cast steel. Each of the three 
blades are planed upon both their faces and their backs 
to an absolutely true and smooth surface ard knife 
edge, and each blade is planed an exact counterpart 
of its neighbor, both in form and weight. This is 
effected by a planing machine designed by Messrs. 
Doxford for the purpose. 

The boiler is of the ordinary locomotive type, having 





a wet furnace bottom, as shown. The furnace front is 
arranged to receive the oil burners, which are thirty- 
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one in number. The boiler contains 419 tubes, 2 in. in 
diameter and 9 ft. long between the plates. The total 
heating surface of the boiler is 2,173°8 sq. ft., and the 
steam capacity is 305 cu. ft. 

It is in the stokehold of this boat that the chief 
novelty lies. The liquid fuel used is pumped, by the 
small Worthington pump already referred to, from 
the double bottom of the boat, and discharged into a 
swall cylindrical tank near the vessel's side, where it 
is subjected to an air pressure of 35 lb. per square inch, 
and from whence it flows direct to the burners. The 
stokehold also contains an air compressor, which dis- 
charges into cylindrical air tanks placed near the 
vessel’s side, and forming a group of four, inclusive of 
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the oil tank already referred to.* The working pres- 
sure of air in these tanks is 40 lb. per square inch, and 
it is conveyed here for the purpose of disintegrating 
the oil as it leaves the burners. Each jet of oil results 
ina clear, bright flame about 6 ft. 6 in. long and 9 in. 
in diameter if burning alone, When the jets are cou- 
bined in the firebox, there results a oright mass of fire 
about 2 ft. from the furnace mouth to the tube plate. 
The flame entirely fills this portion of the furnace, and 
gives forth neither, smoke, swell, sparks, nor flame, so 
that neither soot nor dust is deposited in the tubes, 
and, therefore, no sweeping is required. Each burner 
can be made to consume from 25 |b. to 75 lb. of oil per 
hour, and each may either be shut off individually or 
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the whole collectively by the quarter turning of a pair] however, the boat was run for a considerable time at 
of cocks, the operations being under the complete con-| 20 knots speed, 1,001 indicated horse power being de- 
trol of one man veloped. The consumption was 1,001 lb. of heavy oil 
The usual fan for forced draught is fitted in the| per hour. It is stated, however, that since these figures 
stokehold. A water pressure of 64g in. is used with | were ascertained modifications in the arrangement have 
twenty-one burners, resulting, as will be seen from the| led to greater economy, and it is anticipated that far 
table of particulars herewith given, and also the dia-| more favorable results will be reached. 
gram, Fig. 22, in a speed of slightly over 21 knots and For the purposes of torpedo warfare the following 
1,203 horse power. are the advantages which are claimed by the advocates 
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One of the most noteworthy features is that the pro-|of the system of burning liquid fuel which we have 
tection which the builders have found necessary to] here described. 
give the furnace plates from the high temperature of 
the furnace most effectually prevents leaky tubes and | tion of fuel, weight for weight, as compared with coal. 
rivets, To illustrate to what extent this prevention of | This quality can be made use of either by carrying the 
leakage applies, upon the occasion of a recent trial, | same weight of fuel as would be carried were coal used, 
made for the representatives of some foreign govern-|and so increasing the radius of action, or by retaining 
ments, the boat was driven at 21 knots per hour, and | the same radius of action, and, in consequence of the 
suddenly the engines were stopped. The fire, consist- | less weight, being able to steam at greater speed. 
ing of twenty-one burners, was shut off instantly, after|10 knots speed it is calculated that the boat would 
which the steam did not rise enough to lift the safety | steam fora distance of 1,800 miles on her normal earry- 
valves. There was not the slightest sign of leakage of | ing capacity of fuel tanks, viz., 13°82tons. It is usual, 
the tubes at the time, or of dampness in the furnace | however, in torpedo boats, when making a passage 
when it was examined on the following day. to take extra coal in bags. Extra oil could be carried 

In the course of experiments made to bring their| on this boat in casks. 
system of oil burning to perfection, and since the final} The manner in which the fuel is stowed in the bot- 
arrangements have been made, Messrs. Doxford have| tom of the boat allows of two important advantages 


had a good deal of running with the vessel, some of it,| being obtained, namely, increased stability and in- | 


by the bye, in very rough water. The boat has made | crease of available space. It is needless to emphasize 
one voyage to Portsmouth and home again to Sunder- | the importance of the former in view of the recent 
land in addition to the running about she has done in overturning of the two French boats. With torpedo 
the North Sea. Through the courtesy of Messrs. Dox-| guns, torpedoes, machine guns, to say nothing of a 
ford we have been able to be present on some of the} number of men standing on deck, a torpedo boat is 
trials of this interesting vessel, and, so far as our ex-| always apt to have a small reserve of stability. 
perience goes, can fully confirm their statement that | low position of the center of gravity of the mass of oil 
they have experienced no difficulty in the running of | in the tanks relieves this defect. The boat has con- 
the boat since the arrangements have been perfected. 

In the accompanying table we give data of some pro- 
gressive trials made with this boat. In Fig. 22 these 
data are displayed in graphic form. Fromm the figures 
quoted it will be seen that the boat attained a speed of 
21 032 knots, with the development of 1,203 indicated 
horse power. Theregularity of the power curve will 
be noticed in this diagram 

With regard to fuel consumption, 
are, unfortunately, not able to give 
figures relating to recent trials. On 





empty; while filling the coal bunkers of an ordinary 
torpedo boat has a contrary effect. With regard toin 
creased room put at the disposal of the designer by the 
liquid fuel system, the point is too obvious to need 


the boat. 

In maneuvering under steam it may be often de- 
sirable to stop suddenly and lay by fora greater or 
less time—perhaps a few minutes, perhaps an hour or 
more—and tobe ready to goon at full speed at a sec- 


Messrs. Doxford 
us very exact 
one occasion, 


First, there is the greater efficiency of this descrip- | 


At} 


The} 


| siderably more stability with her tanks full than when | 


comment, and is very apparent when one goes on board | 


| ond’s notice. The difficulty of effecting this with a 
coal fire is well known to every engineer and naval 
officer. Ifthe fire be kept at full capacity, with tle 
| fan running hard, it is difficult to get rid of the steai::, 
| in addition to which coal fires can only be kept in good 
| order for a limited time. If a considerable portion «f 
| that time be spent in waiting for an opportunity to ac, 
when the opportunity arrives the fire may be in such a 
bad condition that steam cannot be kept up. If, «n 
the other band, the fire be let down, it cannot be got 
into condition again until some time has elapsed. With 
liquid fuel, however, any number of burners may be 
| put out of use instantly, and may be lit again as quick iy. 
| Thus, if the boat were running at a speed of 21 knots 
| per hour, and were stopped suddenly, half or three- 
quarters of the burners could be put out, only suili- 
| cient being kept alight to maintain the steam at the 
| maximum working pressure witheut lifting the safety 
| valves. On the order being given to go ahead, tiie 
| other burners would be lit and the pressure of steam 
thus maintained. In fact, it may be said that once 
steam reaches any required tension—maximum or 
otherwise—it may be kept at that tension so long as 
the fuel supply lasts, no matter whether the boat be 
kept runningall the time, or whether she be intermi‘- 
tently stopped and started for any intervals, uncertain 
or otherwise. 

The arrangement of the furnace is such that steain 
may be raised and lowered as suddenly as possible 
without causing leakage to the tubes or other parts of 
the boiler. In other respects the boiler is not subject 
to the well known causes of deterioration which are 
consequent upon using coal ina furnace. In fact, the 
life of the boiler ceases to be in this vessel a measure of 
the life of the boat. In most torpedo craft the boiler 
may be expected to give out first, and is the source of 
the greatest anxiety. With this system of firing such 
is not the case. It may be noticed in passing that in 
order to increase the durability of the engine, to bring 
it nearer to that of the boiler, increased bearing sur- 
faces have been given toall rubbing parts. For the 
same reason adjustable bearings have been fitted to all 
parts, so as to take up in ease of wear. In short, a 
higher efficiency of boiler with regard to durability 
has called forth a higher efficiency of engine (in the same 
respect) than has hitherto been considered necessary 
for such vessels. 

With this system stokers are of course unnecessary. 
One wan is more than sufficient to attend to the burn- 
ers; he has nothing to do after the furnace is once 
putin operation. The fact that the system is auto- 
matic would doubtless be a great benefit in action. 
The advantage of not having to stoke, when steaming 
in a heavy sea, especially a beam sea, will be apparent. 
There is of course no coal trimming required, and the 
advantage of perfect cleanliness is obvious. The boat 
can be kept as clean on deck asa sailing yacht. The 
sweeping of the boiler tubes is not required. 

In conclusion, Messrs. Doxford maintain that the 
system of liquid fuel burning which they have adopted 
is the only one applicable to torpedo boats. This is in 
the main due to the fact that air is used in place of 
steam for the injection of the fuel. There are many 
systems of steam injection, but they are not suitable 
to torpedo boats on account of the loss of boiler water. 
Very large and heavy evaporators would be required 
to compensate for this loss, and they would be quite 
inadmissible on such boats.— Engineering. 





IMPROVED GAS BATTERY. 
By Pau. SCHARF. 

THE purpose of this invention is the direct conver- 
sion into electricity of the energy contained in gases by 
means of the apparatus described below. 

Attempts in this direction have already been made at 
different times, but all unsuccessfully, in part on ac- 
eount of the unsuitable construction of the apparatus 
proposed and in part from the use of the gases in 
wrong proportions. 

All gases or vapors may be applied in pairs, so that 
their reaction ina battery of suitable construction may 
yield an electric current. I use by preference either 
two gases, each belonging to one of the classes, a and 
b, or a gas and a liquid. 

The gases may be : a, hydrogen, water gas, generator 
gas, coal gas, or all the vapors of the more or less vola 
tile hydrocarbons of mineral oil, such as petroleum, 
gasoline, naphtha, ete.; and, on the other hand, J, air, 
oxygen, chlorine, fluorine, ete. 

In the cases where I use a gas and a liquid, the one 
selected is used in place of a gas of the class b. 

Hydrogen peroxide (H,O,.) or nitrie acid 
| able. 

The above named gases of either or of both classes 
may (as described below) be used either in their 
natural state or compressed into a liquid, preferably 
water. 

It is especially important that all the gases which I 
employ are not generated in my apparatus itself, but 
independently, according to any known or customary 
process. 

Two gases having the properties above mentioned— 
é. g., coal gas on the one hand and oxygen air on the 
other—are generated or stored separately. Each gas 
is then forced into a special holder—a pressure reser- 
| voir—in which a pressure of any required height can 
be maintained as nearly constant as possible. The 
pressure is given tothe gases by any known apparatus, 
pumps, ete., and preferably direct. Each of the gases is 
then passed under pressure into the battery or current 
| generator to be described below, where they remain at 
equal pressure, and still separated from each other by 
the electrodes. 

The pressure may be strong enough to liquefy either 
or both gases, though this is not necessary for the re- 
sult. Or the gases, or either of them, may be con- 
densed in a liquid, such as water, and introduced into 
the cells. 

Such a battery is shown in the accompanying figures, 
where Fig. 1 shows a longitudinal section, Fig. 2 an ep 
view, and Fig. 3 a plan and section of a single electrode 
with its contact. 

The apparatus consists of a holder, A, preferably of 
metal, and of anv desired form. I have given it here, 
as the most suitabie, acylindrical form. The holder, A, 
is provided with a bottom or cover, A’, A’, by means 
of which it can be closed hermetically, either with 
screws or in any other known and suitable manuer 


is suit- 
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"a 
electrodes, c, the latter —— an interval. 
trodes, 1 use porous carbon in plates or any other form; 
here, e. g., they have the form of disks to suit the re- 
ce. ver. 

Zach electrode, c, is inclosed > metal ring, d, 

which is preferably (as shown in Fig. 3) provided at 
bo 2 part with a projection, d' 

“his ring serves exclusively for securing a good con- 





Fie. 1. 


tact for conducting the electricity into the two polar 
wires, and can, therefore, be replaced by a piece of any 
other conductive material of any other convenient 
shape, which can be connected with the carbon. 


this holder, A, are the cells, formed each of two| with eight apertures. 
As elec- ! (¢. g., hydrogen) and g' the corresponding outflow ; h is 





Any oxidation or formation of salt at the surface of 
contact of the ring, d, or its substitutes, arising from | 
the penetration of the reagents in the porous electrode, 
may be prevented by closing the pores near the surface | 
of contact with paraffin. 

In order to keep the electrodes, ec, at suitable in- 
of cells, there is placed | 
between each two electrodes an insulation, e, of hard 
eaoutchouc, pressed paper, or any other incalating | 
mass, which must fit accurately and closely into the re 
cipient, A. After prolonged experiments, I have suc- 
ceeded in finding a mass which fulfills in the best man- 
ner both purposes of the rings, e, 7@. é., insulation of the | it 
electrodes und rendering the recipient, A, compact. It | 
is asbestos. I use rings moulded of asbestos, or cut out | 
of plates which have already been employed for similar 
purposes. The electrodes, c, which with their rings, d, 
are smaller in diameter than the internal diameter of 
A, and are also surrounded by insulating rings, f, of | 
hard caoutchoue, or preferably of asbestos, fitting close- 
ly on the insulating rings,e. As it may be seen from | 
Fig. 1, anumber of electrodes, with their metallic di- 
visions and insulating rings, form a series of cells 
separated from each other. Every alternate interval, 

i. e., the space between every two cells, is complete- 
ly filled with a liquid conductor ; for instance, acidu-_ 
lated water. 

These intervals, instead of being filled with a liquid | 
conductor, may contain porous non-conductive bodies, 


| 





Fia. 2. 


plates or disks in which the liquid conductor is ab- 
sorbed, and thus effects a connection between the 
electrodes. 

All the cells of even numbers 
tain one gas, and the odd cells, 1, 
other. All the electrodes which form 
same gas are in conductive connection 
other. 

The introduction and removal of the gases and the 
water into and from the cells is effected as follows: 
The cover or one end of the recipient, A, is provided 


9 


~. 


4, 6, 8, ete., con- 
3, 5, 7, ete., the 
cells for the 
with each 





Sur Elektrotechnik. 


Of these, g is the one gas inlet 


‘the other inflow for gas (e. g., oxygen) and h’' the cor- 
responding outflow ; @ is the inflow and #' the efflux for 
the acidulated water. 

Atk and k' are the two negative and positive polar 
clamps corresponding to the apertures, g, g', h, h', k and 
k', all the insulating and tightening rings of the appa- 
ratus are provided with apertures which coincide with 


| 
i 
a a 





each other, so as to form the channels, g’, g*, h°, h®, ete., 
through which the gases of the acidulated water flow 
in or out. Each of the jnsulating rings, e, is traversed 
inwardly by one of the influx or efflux channels, or 
provided with a notch, e' or e*, by which is effected a 
communication of the channel in question with the 
interior of the cell formed by the insulating ring af- 
fected. Each cell and each interval bas thus an influx 
and an efflux aperture, e' and e*. The hydrogen—e. 
here employed—is introduced at g, passes through the 
channel, g’, and enters the cells, 2, 4, 6, 8, ete., through 
the apertures, e', e', e’. It fills the cells and passes out 
through the openings, ¢?, e*, e*, into the exit channel, 
g°®, leaving the apparatus at g'. Here, as at the other 
efflux openings, /' and @', a pressure valve must be ap- 
plied in order to regulate the flow. As such valves are 
well known articles of trade, they need not be here de- 
scribed. The filling of the cells, 1, 3, 5,7, with the 
other gas and that of the intervals, 7, with acidulated 
water is also effected in the manner just described. 
The electric conduction to the poles, *, k', is effected 
as follows : 

The projections, d', of the metal rings, d, or the con- 
necting pieces in place of the latter, are perforated in 
such a manner that a metal rod, /, passes through each 
of these apertures, d’, or rings, d,or through those 
of the substitated connecting pieces. The electric con- 
nection of the electrodes with the two polar clamps, 
k and k', is effected by means of the two metal rods, 
|Z, 2, whieh’ proceed from the latter, pass through all 





' the insulating rings in the apparatus, and are in con- | 


|tact with the — 
| the projections, d', 
|ings of which leer s 

| liquid conductor (e. 

the intervals yethnd on the pressure of the gases in 
the cells ; hence the influx and efflux of the water, as 
| well as of the gases, must be regulated by valves. 

The apparatus may be simplified as follows : Instead 
of using cells from which the gas passes into the elec- 
trodes, the electrodes themselves may be connected 
with the gas inlet in the apparatus, so that the gases 
pass direct into the pores of the electrodes, which 
thus, in connection with the liquid conductor, produce 
the same effect as that of the arrangement above de- 
\secribed. The cells, 1, 2, 3, 4, 5, for the gases are thus 
| dispensed with, while the position of the electrodes 
remains the same, since they are only separated by the 
intervals containing the liquid conductor.—Zeitschrift 


the rings, d, through the open- 
pass. The pressure at which the 


ELECTRO-AUTOMATIC REGULATOR FOR GAS. 


THE object of the apparatus herewith illustrated is 
to automatically regulate the pressure of gas, what- 
ever be the causes that make such pressure vary. The 
pressure at the works cannot, of course, be constant, 
but must vary at every instant according to the needs 
of consumption. Such needs are looked out for in ad- 
vance ; yet it sometimes ee that unexpected 
causes ‘upset all calculations and the pressure suddenly 
increases or diminishes. It is for remedying this in- 
convenience that Mr. Petit has devised the apparatus 
which we are going to describe. 

A manometer whose dial is represented at the upper 
part of the engraving is connected with the service 
pipe whose discharge is to be regulated. The dial is 
provided with a peculiar arrangement w hich permits of 
eausing, at the moment the hand reaches a certain de- 
gree of the graduation, an electric contact that is 
utilized in the manner described further along. The 
pipe is controlled by a cock, R, and it is by the auto- 
matic varying of the opening of this that the inventor 
succeeds in obtaining a perfect regulation, despite the 
variation of pressure of the gas works. This cock is 
connected by a series of gearings (a part of which may 
be seen at E) with two small electric motors that are 
capable of acting in opposite directions. One of these 
motors opens the cock in the direction of the widest 
aperture and the other in the direction of the smallest 
The principal parts of these motors are visible in the 
engraving. Let us examine one of the two—the one to 
the left, for example. 

The electro-magnet, C, has for an armature a piece, 
N, parallel with its core and pivoting at the bottom 
Toward the center, it is provided with a piece, B, at 
right angles, which acts under the toothed wheel, A, 
and, at the top, with a small ratchet that acts upon 
the wheel, H. As soon as the current passes into the 
electro, C, the armature. N, is attracted and the ratchet, 
B, revolves the wheel, A, one notch ; but the current 
is immediately broken in consequence of the move- 
ment of the armature. The latter, under the influ- 
ence of a spring, then returns to its starting point, and, 
at the same time, the ratchet at its upper part carries 


nding electrodes by means of | 


D asiéulaned water) is passed into) 





j slong the wheel, H, the object of which is tu estab- 


lish a new and much preciser contact thau that 

adopted for electric bells.. When the current again 
passes intu the electro, things begin again as before, 
and ‘so on. 

The wheel, A, is moved always in the same direction 
by a series of quick strokes of the piece, B, and is 
mounted upon an axis which, through a series ‘of gear- 
ings, acts upon E, and consequently upon the cock, R. 

The operation of the apparatus will now be easily 
understood. It will be seen that the dial of the wano- 
meter is provided with two contacts, O and P, mounted 

upon a marble disk concentric with the dial. It is con- 
sequently possible to bring these contacts to the point 
corresponding to the determined position of the hand. 
The latter is connected with one of the poles of the 
battery, while the contacts, O and P, are insulated 
and correspond, one of them, to the electro, C, and the 
other to the electro, D. The circuit will consequently 
be closed upon one or the other of these two electros, ac- 
cording as the hand rises or descends with the varia- 
tions of*pressure. Let us suppose that it tends to rise ; 
then its lower part immediately touches the contact, 
O, and sends the current into the electro, C, which, 
acting upon A, opens the cock in the direction of the 
narrowest aperture. The pressure at once diminishes, 
the hand of the manometer leaves the contact, O, and 
everythingstops. If the pressure diminishes too wuch, 
the hand, in continuing to move, produces a contact 
at P. The current is then sent into the electro, D, 
which acts upon a toothed wheel like A, and seen be- 
hind it in the figure. This wheel actuates, in a diree- 
tion contrary to the first, the gearings, E, and the cock 
then opens in the direction of the widest aperture, 
and an equilibrium is re-established. 

We observed this apparatus in operation at the uni- 
versal exposition, in t the gas pavilion and various other 
places, and found that it pete with great —- and 
precision. It will certainly prove very useful in work- 
shops, colleges, and all buildings in which a large 
quantity of gas is consumed, and especially in those in 
which the consumption varies from one moment to 
another according to the requirements of either light- 
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ELECTRO-MAGNETIC GAS REGULATOR. 


ing or heating, for the device can be applied to a 
thermometer as well as toa manometer. In conclusion, 
we may remark that it might be easily utilized for au- 
tomatically interposing resistances in a circuit of elec- 
tric distribution.—La Nature. 


PROTECTIVE RULES | RELATING TO ELEC- 
TRIC LIGHTING. 


A SPECIAL circular of the Boston Manufacturers’ 
Mutual Fire Insurance Co. is as follows: 

Electric lighting was first introduced in a very few 
risks insured by this company before the year 1881 ; in 
that year, and in the first six months of 1882, it was 
adopted in a very considerable measure. In this pe- 
riod of its early introduction, prior to the first of April, 
1882, we received notice of twenty-three fires which 
had been set by the electric current in only sixty-one 
mills which had then been equipped. No claim for 
loss was made on any of these fires, but they disclosed 
conditions which were very alarming to us. An im- 
mediate investigation was made, under the direction 
of Mr. C. J. Woodbury, and certain rules were 
adopted for putting up the apparatus, insulating the 
wires, and guarding against the dangers disclosed in 
these twenty-three fires. These rules were immediate- 
ly submitted to all the electrie light companies or 
manufacturers of electric lighting apparatus who had 
any standing in the community, and were at once 
adopted by them, as well as by all insurance companies. 
They have not been changed since that date, except 
so far as new inventions have called for modifica- 
tions. 

Sinee April 1, 1882, a period of nearly eight years, we 
have received no notice of any fire which could be at- 
tributed to electricity in any risk insured by this com- 
pany, and, of course, no claim has been made upon us 
for a loss which could be attributed to this cause. Our 
experience, therefore, justifies the conclusion to whieh 
we came afterthe first two years of electric lighting, 
that under proper safeguards it is the safest method of 
lighting that can be introduced, Electricity has also 
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been applied in some of the works insured by us as a 
motive power, and electricity is now applied to light- 
ing or motive power in over six hundred risks which 
are insured by the factory mutual companies. 

Attention, however, has lately been called to the 
danger of wild currents of electricity generated on the 
wires which may be in use for lighting, for power, and 
for the railway service in many cities. There appears 
to be very little doubt that the recent destructive fire 
in Boston originated in the diversion ofa high tension 
current of electricity from its own wire to an elec- 
tric clock wire, on which it was carried to the building 
in which the fire originated. There appears to be little 
doubt that this conflagration may be attributed to the 
lack of precaution in guarding against an outside cur- 
rent of electricity. Such currents may be carried from 
their proper wires to other points in all cities or towns 
in which electric light or power is widely distributed 
on the public streets or over private buildings. 

In order to guard against this hazard, the owners 
and managers of mills and works insured are advised 
to establish the following rules forthe proteé@tion of 
their premises. These rules, after having been drawn 
by us, have been submitted to —— in 
branches of electric science who are of the highest au- 
thority. The forms have been modified by them, 
again considered on our own part, and are believed to 
be suitable for what may be called an emergency. 


PROPERTY AGAINST 
OF ELECTRI- 
YARDs. 


RULES FOR GUARDING INSURED 
THE HAZARD OF STRAY CURRENTS 
CITY GENERATED OUTSIDE OF MILL 


1st. No foreign wires of any kind shall be attached 
to buildings insured by this company, for the purpose 
of carrying electric currents across the yard to any 
point 

2d. All electric wires which may be required by the 
insured shall enter the premises at one point near the 
headquarters of the night watchman, where they can 
be kept under supervision ; each of said wires shall be 
guarded by a protector against strong currents, operat- 


ing by opening the circuit. and by a lightning ar- | 


rester. 

3d. Such protectors against strong currents shall be 
located in a dry, accessible place inside the building, 
and as near the point of entrance of wires as possible, 
and shall be without ground connection ; such pro- 
tectors shall be mounted on non-combustible and in- 
sulated supports, which shall be provided with a re- 
ceptacle for the burning or melted parts of such ap- 
paratus. 

4th. The lightning arresters on all wires must be 
placed between the protector against strong currents 
and the electrical portion of the apparatus within the 
building to which such wires are connected. No ground 
wires for such lightning arrester shall be attached to 
gas pipes within the premises of the insured. 

5th. All electric wires which may enter the premises 
of the insured must be insulated between the line wire 
on the insulator attached to the buildings outside and 
tha protecting device within, withthe best quality of 
weterproof insulation. Moreover, such wires must 
enter at a distance of not less than three (3) inches 
from any other wire or any conducting material. 

6th. Ifany wires carrying high tension or strong 
currents are to be carried over or under other wires on 
the property of the insured, they shall be attached to 
poles so near to each other, with one wire so far above 
the other, that ifa break should occur, the pendent 
wire between these poles may not be long enough to 
come in contact with the wire below, or, if not carried 
on poles, these wires shall be so placed or protected 
with guard wires as to render a contact between dif- 
ferent wires impossible 

7th. If the high and low tension systems are in use 
in the same yard, even when developed within the 
works, the wires ust be kept separate, and so wide 
apart that no contact or cross are can be wade. 
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Il.—TuHk HISTORY OF AERONAUTICS 
By Prof. W. Le ContTE StTkvENs, of Brooklyn, N. Y. 


BY LEC- 


IN the history of any art that is a century old there 
is always much that, as busy men, we can afford to 
forget. The art of aeronautics presents no exception 
to this rule, but it contains too much of real value to 
encow pass in a single lecture. It will be possible only 
to select afew representative chapters in this history 
and show, if possible, their bearing on the present con- 
dition of aerial navigation. 

Ballooning has been largely a French art ; introduced 
by a Frenchman, Mootgolfier ; rapidly developed by 
another Frenchman, Charles ; more practiced in France 
then anywhere else ; and recently improved by Freneh- 
men to such an extent that it is now quite possible on 
any fair day totake an afternoon excursion through 
the air and return with precision to the exact point of 
departure. 

Among the ancients flight was considered the special 
prerogative of but two classes of beings, birds and 
gods. For men to attempt it was hazardous, if not im- 
pious. A few favored individuals, like Perseus, are 
mentioned in fable as gifted with the power of aerial 
locomotion by the aid of winged horses or otherwise ; 
but this was always due to the aid of some divinity. 
Icarus, the too self-reliant son of a cautious father, is 
represented to have lost his life by ambitiously trying 
to fly at too great a height, using wings that had been 
cemented to his shoulders with wax, and thus ineur- 
ring the wrath of the god of day, who melted the wax 
with his ardent rays and precipitated the offender into 
the Icarian sea. 

No credit is to be attached to any of the specula- 
tions, or alleged experiments in flight, that are handed 
down from the middle ages. Roger Bacon claimed the 
power of flight, but failed to substantiate his claim by 
the record of any experiment. Between 1657 and 1659 
the inventive powers of Robert Hooke were exercised 
in devising as many as thirty methods of flying; but 
with characteristic impatience he developed none of 
them so far as the experimental stage. The world will 
probably always present its annual crop of visionaries 
who are ready to expend time and labor on flying ma- 
chines, heedless or ignorant of what has been already 
tried in vain, and devoid of any conception as to the 
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and the work it must accomplish. 

Even prior to 1680 it was demonstrated by Borelli, in 
a oy age work published at Rome and entitled 
** De Motu Animalium,” that human beings could never 
rationally hope to rise into the air by muscular power 
so long as the huwan frame remains what it now is 
On mechanical principles he showed that the necessary 
power would be possible only on the assumption that 
the human breastbone shal! present several times as 
| much surface as it now has for the attachment of mus- 
cles, and that these shall have wany times the power 
exhibited by the best of athletes. 

But, despite Borelli’s demonstration, sundry attempts 
were made to sail through the air by leaping from lofty 
places and employing some device for utilizing the re- 
| sistance of the air and diminishing thus the speed of 
descent, while the horizontal impulse is but little 
checked. The flying squirrel presents an example of 
success in this method of partial flight. 
































HOMO VOLANS. 
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In a manuscript volume entitled ‘‘ Nove Machine,’ 
and published in 1695, is found the accompanying rep- 
| resentation of a homo volans, where comfort seems to 

be somewhat sacrificed in the pursuit of science under 

|diffieulties. It is remarkable chiefly as the first em- 
| bodiment of the idea of the parachute, an adjunct to 
the balloon that was for awhile deemed of importance, 
| but which has now ceased to be used for any other 
| purpose than that of sensational display. 

Even if the power of flight, or of sailing through the 
jair, be denied human beings, there still remained 
}auother resource, vaguely foreshadowed by Roger 

Bacon during the thirteenth century, and elaborated 
|in theory about 1670 by Father Lana, a Jesuit priest. 
| It was that of rising into the air by the aid of some 

body whose weight was so small in proportion to its 

volume as to be more than counterbalanced by the 

buoyaney of the air. Bacon had suggested the use of 
| ‘ethereal air or liquid fire” to be put into a thin hol- 
low globe of copper; but he gave no recipe for its 
manufacture. 
| His speculation was as worthless As the rest of the 
|science of his time. Lana differed from his predecessor 

in one important respect, that his plan involved the 

application of correct physical principles, though he 

failed to take into account certain other elements that 

in practice cannot be disregarded. He knew nothing 

about the specific gravity of gases, but had clear con- 
ceptions about atmospheric pressure. His plan was to 
exhaust four hollow globes of copper, each 25 feet in 
diameter and ys}, inch in thickness, and attach to them 

a basket or car for passengers. A mast and sail were 

provided in the hope of partially controliing the mo- 
tion of his machine. Torricelli had in 1643 demon- 
strated the pressure of the atmosphere; and the method 
proposed by Lana for exhausting his globes was to fill 
jeach with water and lift it to a height of 36 feet. Be- 
neath it should be fitted a tube with air-tight connec- 
tions which was to dip into water. On opening this 
tube the contents of the globe would be emptied into 
the vessel below, leaving a Torricellian vacuum above, 
while the tube would becomea water barometer, and 
might be then closed at its upperend. The upward 
pressure of the air at sea level against such a globe 
would be about 659 pounds. The weight of the copper 
would be not quite 400 pounds The effective ascen- 
sional force would, therefore, for the four globes, be 
rather more than 1,000 pounds, which would be amply 
enough to sustain the weight of the connecting tubes, 
ear, and aeronaut, and to leave a good margin for such 
food and other freight as he might carry. It is scarcely 
necessary to say that this plan was never reduced to 
practice, since Lana had made no allowance for the 
erushing weight of the water with which his globes 
were to be filled before exhaustion. Sheet copper sg, 
inch in thickness would have been wanting in the rigid- 
ity required to sustain such a burden. Even if the 
vacuum had been attained, the globes would then have 
been crushed by the surrounding atmosphere. Lana 
foresaw this last difficulty, but supposed that, since at 
any point the air pressure is equal inall directions, his 
spherical shell of copper would be uniformly compressed 
and actually strengthened by the force applied from 
outside. To his theological mind the only serious ob- 
jection to the scheme was that “the Almighty would 
never allow an invention to succeed by which civil 
xoverniment could be so easily disturbed.” This may 
have been a happy afterthought suggested by the 
difficuities of construction. 

A century now elapsed without the accomplishment 
| of any new plans for aerial locomotion. Soon after the 

discovery of hydrogen gas by Cavendish and Watt in 
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1766, experiments were made with a view to utilizing 
it for the purpose of lifting bodies into the air. But 
until 1782 nothing more substantial than a soap bubble 
could be wade thas to ascend. 

In the autuwn ef that year, Stephen Montgolfier, a 
successful manufacturer of paper at Annonay, in the 
southeastern part of France, tried bags of this materia] 
filled with hydrogen ; but the gas diffused so rapidly 
through paper that the experiment was abandoned, 
Without being a physicist, Montgolfier was thoug) tfal 
and fond of experiment. 

While visiting shortly afterward at Avignon, obsery- 
ing that clouds of vapor and smoke remained floating 
at various heights, he conceived the idea that if they 
could be confined in bags of paper, these might be 
made to float in like manner. 

Since the experiments of Franklin in 1752 had proved 
the existence of atmospheric electricity, the idea gain- 
ed currency that the lightness of clouds and smoke 
was in some way due to electric charge. The problem 
then was to produce a cloud artificially, electrify it, 
and confine it in paper. Chemistry was not yet a 
quantitative science. 

There was a charm in the idea that electricity was 
one of the products of all chemical action, and especi- 
ally when acids and alkalies were brought together, 
By burning straw a cloud of smoke was evolved, with 
an abundance of carbonie acid. By burning wool one 
of the products was an alkaline gas. By burning straw 
and wool together the hopeful conditions seemed to be 
attained. 

A paper bag was made, with a capacity of 30 or 40 
cubie feet, and with its opening downward it was held 
over a fire of chopped straw and wool, ‘as well to in- 








crease the layer of electric fluid upon the vapor in the | 


vessel as to divide the vapors into smaller molecules 
and dilute the gas in which they are suspended.” The 
bag was carried up to a considerable height. The ex- 
periment was soon repeated on a larger scale and with 
encouraging success, 

Montgolfier then announced that he would give a 
publie exhibition of his wonderful discovery at An- 
nonay. He seems not to have attributed the ascension 
of his bags to the effect of heat in diminishing the 
specific gravity of the confined air, but thought he had 
discovered a new kind of gas whose peculiar properties 
caused their levitation. The first successful experi- 
ment in ballooning was thus based on a radical mis- 
conception. 

The public exhibition was given at Annonay on the 
5th of June, 1783. The bag was made of linen gores 
lined with paper and loosely buttoned together at their 
edges. It was nearly spherical in shape, with an open- 
ing at the bottom, to which was suspended a wire net- 
ting with about 10 pounds of the new and wonderful 
fuel. In round numbers its weight was 500 pounds, 
its diameter 35 feet, and its capacity 23,000 cubic feet. 

Despite the waste of hot air due to the rough method 
of construction, the balloon was fully inflated in less 
than a quarter of an hour, rose to a height of 2,000 feet 
or more, was wafted more than a mile, and reached the 
ground after an aerial journey of fifteen or twenty 
minutes. 

The news of this suecess quickly reached Paris, where 
a subscription of 10,000 franes was at once secured for 
the purpose of repeating the Annonay experiment. 

The work of constructing a balloon was confided to 
the two brothers Robert, under the superintendence of 
M. Charles, a young physicist who had already achieved 
distinction by his investigations regarding the atimo- 
sphere and the effect of heat on gases. 

Charles at once discerned the true cause of Mont- 
golfier’s success, and independently thought out a _ bet- 
ter way of attaining the same result by employing 
hydrogen instead of hot air, and confining it in a bag 
much tighter than one of gores buttoned together. 
For his material he employed thin silk, which he 
eovered with a resinous varnish, so as to ake it effect- 
ually gas tight. Its diameter was only 12 feet, and its 
capacity about 900 cubic feet. Before the fourth week 
in August it was ready for inflation, and the work of 
filling was begun in the open space of the Place des 
Victoires. Unforeseen and serious difficulties were en- 
countered in the preparation of the hydrogen. This 
was the first attempt to procure this gas on a large 
scale. Into a barrel partially filled with iron filings 
two lead tubes were inserted through the top, one for 
the introduction of dilute sulphuric acid, the other for 
the delivery of the resulting impure hydrogen. This 
was conveyed directly through the neck of the balloon, 
without the intervention of any wash bottle. Much 
heat was a by the chemical action, and the re- 
sult was that a quantity of steam was sent out along 
with the hydrogen and condensed on the walls of the 
silken bag, heating this so as to melt the varnish and 
injuring the silk with the acid vapors. It was neces- 
sary to throw streams of cold water on the outside of 
the balloon to counteract these annoying effects, and 
through injuries to its texture nearly nine-tenths of the 
gas actually made was wasted. It took four days to 
inflate the balloon with 700 cubic feet of gas, which was 
only about three-fourths of its capacity. Meanwhile 
the populace had become so impatient that it was 
deemed unsafe to remain another day exposed to the 
danger of interference from an indignant crowd. Dur- 
ing the night the balloon was conveyed, under military 
protection, to the Champ de Mars, about two miles 
away, the site of the recent Paris exposition. Here 
the inflation was completed, and at five o'clock in 
the afternoon of the 27th of August a cannon shot 
announced to the city that the balloon was released. 
In two minutes it rose 3,000 feet and was lost to 
sight in a cloud. A storm had been gathering, and 
the rain began to fall. The balloon reappeared, 
and a second cannon shot was fired. Thousands of 
men, women, and children were drenched in the rain 
before the balloon was again lost to view. In thiree- 
quarters of an hour it was carried fifteen miles to the 
northeast, and fell near the village of Gonesse, to the 
great consternation of the peasants, who were unpre- 
pared for such an apparition, and attacked it as 4 
creature of infernal origin. As they mangled it the 
sulphurous odor of impure hydrogen was enongh to 
confirm their preliminary suspicions of its diabolic 
character. 

On learning the fate of his balloon, Charles perceived 
that he had earried the inflation too far. Since the 
external pressure diminishes with increasing height, 
there was corresponding increase in the effective ex- 
pansive force of the gas in the balloon. A rent was 
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wade in the silk, and with increasing leakage the bal- 
loon gradually descended. Charles at once decided to 
make another trial; and his recent annoying experi- 
ences suggested to his fertile mind decided improve- 
ments in both the construction and the inflation of his 
next balloon. 

linmediately after the experiment at Annonay, Mont- 
golfier was invited to Paris, where he was received with 
distinguished honor by the king and court. He con- 
structed a large and magnificent balloon, which was 
ornamented in the most elaborate style, and he was in- 
vited to make it ascend at Versailles in the presence of 
royalty and the aristocracy of France. By means of 
his chopped straw and wool the inflation was accom- 
plished in eleven minutes in the afternoon of September 
19. Before releasing the balloon a basket was attached, 
in which had been placed a sheep, a cock, and a duck. 
These pioneer aeronauts were gently carried toa height 
of 1,500 feet, remained in the air eight minutes, and de 
scended, reaching the ground in perfect safety at a dis- 
tanee of two miles from the point of departure. 

The people were now wild in their enthusiasm about 
the new art, and Montgolfier was the hero of the hour. 
A distinction was made between the two kinds of bal- 
loon that had been recently exhibited, the Charliére 
and the Montgolfiére. From a scientific standpoint the 
former was wuch the superior of the two. For the 
purposes of popular sensation the latter was decidedly 
better thus far, because the time required for inflation 
was so brief, and the trouble and expense involved in 
this operation were so small. The supposed discoverer 
of anew kind of gas was therefore triumphant, and the 
more accurate and well informed man of science was 
for a time deprived of the credit which was justly due 
him. This case, however, is not singular in the history 
of invention. 

Charles announced his intention of ascending in a 
new balloon which he had begun to construct. The 
popular party at once undertook to anticipate him, and 
application was made to the king for permission to 
send up two condemned criminals by way of experi- 
ment. If they should be killed, this new wmode of acci- 
dental execution had at least the merit of novelty. A 
young naturalist, Pilatre de Rozier, protested against 
granting to a criminal the honor of making the first 
journey through the air, and offered himself to run the 
great risk involved in the use of fire to lift him toa 
height at which an accident could searcely be anything 
else than fatal. He first ascended about 70 feet ina 
captive Montgolfiére, and was pulled down in safety. 
Two more experiments of the same kind were then 
made, in which heights of 200 and 30" teet were attain- 
ed. He then induced his friend, the Count d’Arlandes, 
to make a public ascension in company with him. A 
large crowd gathered in the Bois de Boulogne, on the 
2ist of November, to witness this new and thrilling 
spectacle. 

The balloon was provided with a balcony around the 
opening at the bottom. In this the two aeronauts 
placed themselves with a generous supply of straw, 
wool, and water, so as to feed or partially extinguish 
the fire which was made on a brazier immediately below 
the opening. The capacity of the balloon was about 
100,000 cubie feet, and its diameter nearly 60 feet. It 
rose majestically to a height of 500 feet and was car- 
ried by theafternoon breeze about five miles in a direc- 





tion slightly south of east, crossing the Seine and float- 





FIRST ASCENSION IN A FIRE BALLOON. 


ing over the southern part of Paris. Its elevation was 
sustained by adding fuel, and water was used to extin- 
guish the fire prior to a safe descent a half hour after 
the start. This success decided Rozier to devote him- 
self to ballooning. Two years later he paid the penalty 
of his life for trusting himself toa fire cailece to which 
a Charliére was attached. 

The first human aeronaut was the first vietim of the 
new art, so fascinating in its novelty, so dangerous in 
its application, at least where Montgolfier’s method was 
employed. During the last century many thousands 
of air voyages have been made, with the loss of not 





over fifty lives. Of these casualties the majority have 
been due to the use of the fire balloon, though the num- 
ber of ascents made with the balloon filled with hydro- 
gen or coal gas has been probably twenty times as 
great. 

The first ascent in a hydrogen balloon was made by 
Charles and Robert on the ist of December, 1783, ten 
days after the journey of Rozier and Arlandes. The 
cubie capacity of Charles’ new balloon was only one- 
tenth of that of Rozier’s. It was provided with a 
safety valve at the top, which could be controlled by 
the aeronaut below through the medium of acord. It 
was surmounted with a netting of silk, which was fas- 














CHARLES’ BALLOON. 


tened to a ring that girded the balloon. From this 
was suspended a car or basket, with seats for two per- 
sons, whose weight was thus distributed over the 
whole upper surface of the supporting sphere. In- 
deed, in all important particulars this balloon, as de- 
signed by Charles, was the same as that almost uni- 
versally employed since his day. The ascension was 
made from the garden of the Tuileries in the presence 
of a vast concourse of people, among whom was the 
American minister, Benjamin Franklin. Charles took 
with him a barometer and thermometer for noting the 
changes of atmospheric pressure and temperature pro- 
duced by change of elevation. Ata little before two 
o'clock in the afternoon the balloon rose with its pair 
of voyagers to the height of 2,000 feet, and was carried 
twenty-seven miles northwest to the town of Nesles, 
where a safe descent was made. Here Robert got out, 
and, as there was no ballast at hand to replace his 


weight, on releasing the balloon Charles was rapidly 
carried to a height of nearly two miles, as shown by 
the fall of the barometer from thirty to twenty inches. 
The thermometer at the same time fell from 41° to 21° 
F. The sun had just set, but on rising to such a great 
height Charles enjoyed the rare opportunity of witness- 
ing two sunsets on the same day by the widening of 
his horizon as the balloon ascended. He remained a 
half hour in this second sunshine, and beheld his sec- 
ond sunset as he descended about three miles from 


| temporary pain in his right earand jaw. This voyage, 


in comparison with the previous one of Rozier, was re- 
markable for the great height attained—twenty times 
that of Rozier—for its demonstration that the aero- 
naut’s flight could be prolonged many hours with vo 
labor on his part in controlling the changes of eleva- 
tion, and that it afforded a valuable means of investi- 
gation in the study of the atmosphere. Despite his 
encouraging success, there is no record that Charles 
attempted any subsequent aerial voyages. 

Six weeks after this ascension by Charles and Robert. 
the largest balloon on record was made and sent up 
from Lyons. Its capacity was half a million cubic 
feet, if contemporary accounts are fully worthy of 
credit. It was inflated over astraw fire in seventeen 
minutes, and rose to a height of half a mile, the fire be- 
ing kept up with fresh supplies of straw. It remained 
in the air only a quarter of anhour. One of the seven 
persons who ascended with it was Joseph Montgolier, 
the brother of the rival of Charles. Stephen Mont- 
golfier made no ascent himself. 

It is singular that after these initial successes in 
Frauce the first ascent attempted elsewhere should be 
in America, a country not only separated by a broad 
ocean from France but at that time young in resources 
and scarcely beginning to recover from the effects of 
an exhausting struggle for independence. It is true 
that in Novewber, 1783, a small hydrogen balloon was 
sent up from London without any living freight. The 
English seemed to feel no disposition to follow up the 
invention of their French enemies, and it was an Italian, 
Count Zambeceari, who in London imitated the experi- 
ment made by Charles at the Champ de Mars. Noone 
rose from English ground ip a balloon until a year after 
the first success of Charles in Paris. 

The news of Montgolfier’s experiment of the 5th of 
June reached Philadelphia about the last of November, 
and the local papers of December 24th contained the 
accounts just received of Charles’ experiment of the 
27th of August. David Rittenhouse, the friend of 
Franklin, and the most distinguished American as- 
tronomer of his time, was practicing his profession as a 
maker of clocks and philosophical instruments. One 
of his most intimate associates was Francis Hopkinson, 
an eminent jurist, whose interest in science was as 
great as his proficiency in law. Both of these men 
were members of the American Philosophical Society, 
which had been organized by Franklin. 

On the 28th of December they made an experiment, 
the account of which is perhaps best given in the 
language of a French eyewitness, Francois Simonin, 
whose letter to the Journal de Paris was published 
May 13, 1784. In the Gentleman's Magazine of the fol- 
lowing month a translation of it appeared, from which. 
the following is an extract: 

**Messieurs Ritnose [Rittenhouse] and Opquisne 
[Hopkinson] began their experiments with bladders, 
and then with larger machines. They joined several 
together and fastened them round a cage, into which 
they put animals. The whole ascended, and was drawn 
down again by a rope. The next day, which was yes- 
terday, aman offered to get into the cage, provided 
the rope was not let go. He rose about fifteen feet, 
ana would not suffer them to let him go higher. 
James Wilcox, a carpenter, engaged to go in it fora 
little money. He rose twenty feet or upward before he 
made a signal to be drawn down. He then took in- 
structions from Messieurs Ritnose and Opquisne, and 
after several repetitions on the ground consented tohave 
the rope cut for fifty dollars. Dr. Jaune [Jones], the 
principal medical person in the city, attended in case 
of accident. The crowd was incredible, who shouted 
after the English fashion when they saw Wilcox rise 
crowded in the cage, surrounded by forty-seven bal- 
loons fastened to it, with astonishing coolness, nodding 
his head to express his satisfaction and composure. 
After all, he could not rise above ninety-seven feet, ac- 
cording to the measures taken by twoother gentlemen 
of the Philosophical Academy. He was at least five 
minutes in the air, but, perceiving the wind to blow 
from the east and drive him toward the Scoulquille 
[Schuylkill], he was frightened, and, agreeably to his 
instructions, made several incisions with a knife in 
three of the balloons. This was not sufficient, though 
we saw him descend a little. He pierced three more, 
and, seeing the machine did not come, his fear in- 
creased. He cut five more in the greatest haste, and, 
unfortunately, all on the same side. He was then 
seen to tack about, and, as if he had slid down, he fell 
on the edge of a ditch and a finse [fence], as they call 
the inclosures. Dr. Jaune ran up; the poor man had 
sprained his wrist, but received no other accident.” 

This circumstantial account leaves no reason to 
doubt its substantial truth ; but the experiment was 
not followed up, and Rittenhouse seems not to have 
regarded it as important. It is not even mentioned by 
his biographer, Barton. That Hopkinson was inter- 
ested in balloons was indicated by some of his corre- 
spondence with Franklin. 

Probably the most ambitious voyage made in the 
early days of ballooning, and one of the most perilous, 
was the crossing of the English Channel in the after- 
noon of January 7, 1785. During the previous year M. 
Robert, the colleague of Charles, attempted the pro- 
pulsion of a balloon by means of*oars, but in vain. He 
subsequently tried artificial wings, but with no better 
success. M. Blanchard began his long career as a pro- 
fessional aeronaut about the same time, and tried a 
variety of similar devices without success, 

Dr. Jeffries, an Awerican physician, who had re- 
moved his residence to London during the war of the 
revolution, became interested in aeronautics, and em- 
ployed the services of Blanchard, with whom he wished 
to test the use of wings and oars for the direction of 
the balloon and for controlling its ascent and descent. 
The balloon was inflated on Dover Cliffs, the day be- 
ing clear and cold, with afresh breeze blowing from 
the northwest. Several sand bags were taken to use 
as ballast, and also a barometer, thermometer, oars, 
wings, and heavy clothing. Searcely had the balloon 
been released from its moorings when it was discovered 
that the inflation was insufficient, and most of the 
ballast was thrown out at once. The wind carried the 
aeronauts gently toward Calais, but when they were 
searcely a third of the way across, the balloon was 
found to be descending, and the rest of the sand was 
thrown out. Ere long they were descending again ; 
some tools, an anchor, rudder, oars, wings, heavy 
clothing, and food were committed in succession to the 





Nesles. The only inconvenience felt in consequence of 
his rapid change of elevation was that of violent but 





waves. Despite all, the balloon slowly approached 
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the water, no land being visible in any direction. The | 
spray was splashing ou them from below, and but one} 


wile more had been mounted, Mr. Glaisher lost 
the use of his hands and limbs, the temperature 


resource was left; to fasten themselves to the cordage| being 5° F., and the height of the barometer only 


of the balloon and cut the boat loose, in order to di- | 9% inches. 


minish the weight. ‘They had already tied themselves | 
to the netting, when a wovemwent of ascension was 
felt. The balloon was lifted gradually, and Calais was 
seen in the horizon. It rose half a mile high, passed | 
over the city, and a descent was made fifteen miles in- 
land in the forest of Guines. 

The explanation of the perils to which Jeffries and | 
Blanchard were exposed is not hard to find. The) 
buoyancy of the cold dry air from the English main- | 
land was enough to keep the balloon floating at a safe 
height. But when this was first mixed and then ex-| 
changed for the warm, moist sea air of less density, the | 
balloon naturally sank in it. On approaching the | 
French coast, it entered another bed of denser air, | 
which had been cooled and dried by the land. The| 
balloon, therefore, rose, and toa greater height than | 
at first, because so much ballast had been discarded. 

Six months after this remarkable voyage, Pilatre de 
Rozier, emulating the example that had been thus set, 
lost his life in the attempt to cross from France to 
England. Ballooning had become popular everywhere. | 
Balloon almanacs and balloon poetry were among the 
evidences of the widespread mania ; and from that day | 
to the present the balloon has been devoted chiefly to 
the purposes of sensational display. Among the fa 
mous professional aeronauts may be mentioned the 
dames of Zambeccari, Lunardi, Blanchard, Garnerin, 
the Sadlers, Green, Coxwell, and the brothers Godard. 
Among feminine aeronauts the wife of Blanchard be- 
came famous. She was killed in 1819, while making a 
display of fireworks at night ina balloon over Paris. 
To Mr. Charles Green is due the eredit of first substi- 
tuting coal gas for hydrogen, thus rendering the in- 
flation of the balloon much cheaper and easier, thongh 
the balloon thus filled needs to be larger. Mr. Green 
made more than 500 ascents, and fell twice into the 
North Sea. In 1828 he wade the first ascent on horse 
back. 

In America John Wise was probably the most} 
famous aeronaut, a man of fine natural ability and of | 
much greater scientific attainments than usual | 
among wen of this business. In 1859 he made a bal 
loon journey with three companions from St Louis to | 
Jefferson County, N. Y., a distance of 1,150 miles, in a} 





is 


little less than 20 hours, at a mean rate of nearly a| 
mile per winute. He bvelieved in the existence of a 
constant upper current from the southwest in the! 


region of anti-trade winds, and hoped by this means 
to cross the Atlantic ina balloon. Sach a voyage was | 
projected in 1873, but never realized. } 

The balloon has at various times been used for mili 
tary purposes, as a means of spying out the movements 
of a distant enemy. During the American civil war 
a balloon corps reudered efficient service under Mr. 
Lowe. A telegraph operator in the carof a captive 
balloon has often thus given information that could be 
available in no other way. During the siege of Paris 
in 1870 and 1871, as many as 64 balloons were sent up 
from the beleaguered city, making the ascent at night. | 
Five of these fell into the hands of the Germans; one 
was earried off and lostin the Atlantic: one, after | 
traversing the North Sea, was landed in Norway fifteen 
hours after the start; and the remaining 57 descended | 
safely in France. Gambetta escaped from Paris in one 
of these. Not one of them succeeded in re-entering 
Paris. Nevertheless it is for military purposes that 
the balloon has probably its best field in the future. 

The application of the balloon to scientific purposes 
was first made by Charles, as already indicated, but 
only in a single voyage. It was not until 1804 that 
ascents were again undertaken for the study of the 
atmosphere. The first was by M. Sacharoff, at St. 
Petersburg, who attained a height not exceeding 
8,000 feet and discovered nothing of importance, 
Echoes from the earth were very distinet, even when 
the distance was such as to produce an interval of ten 
eeconds, 

In August, 1804, Gay Lussac and Biot ascended to- 
gether from Paris to a height of 13,000 feet, their 
principal object teing to ascertain whether there was 
any pereeptible decrease in the earth’s wagnetic effect | 
with inerease of elevation. The result was negative. 
During the following month Gay Lussac ascended alone 
toa height of 23.000 feet. His observations on terres- 
trial magnetism confirmed those taken during the 
previous voyage. Air brought down from this lofty 
height was found to have the same composition as that 
atthe earth’s surface. The temperature fell from 82 
to 15° F. as he rose, and at the highest point clouds 
were visible far beyond against the deep biue sky. 

In July, 1850, Bixio and Barral ascended from the 
Paris Observatory. While in a cloud, at an elevation 
of 20,000 feet, the temperature was 15° F. On emerg- 
ing from it, at 23,000 feet, the thermometer fell to —38* 
F., or 53° F. lower than the record made by Gay Lus- 
sac at the same level. This arctic temperature is 
probably the lowest ever recorded in a balloon voyage. 
It shows that no formula for decrease of temperature 
with increase of height can be accepted without many 
grains of allowance 

In the summer of 1852 several ascents were made by 
Mr. Welsh, of the Kew Observatory, near London. In 
these the decline of temperature was found to be quite 
regular. 

At the Aberdeen ‘neeting of the British Association 
in 1859, a commiite+ was appointed to make observa- 
tionsivn theupper atmosphere by means of the bal- 
loon. Nothing was accomplished until 1862, when in 
July Mr. James Glaisher began a series of twenty- 
eight ascents, the last of which was made in May, 
1866. The primary object was to determine the tem- 
perature and moisture of the air at different elevations | 
to the greatest height attainable, though many sec- 
ondary objects were additionally kept in view. Mr | 
Glaisher carried each time an abundant supply of well- 
arranged instruments, and his experience and skill as 
ah observer made his work the most important ever | 
accomplished in this special domain. The most re-| 
markable of his ascents was that undertaken on the} 
5th of September, 1862, from Wolverhampton, a town | 
near the center of England. The intention was ft| 


reach the greatest height possible. The balloon left 
the ground at a few minutes past one o’clock, and at 


the end of 45 minutes a height of five miles was 
reached. Mr. Glaisher began to grow faint on ae- 


count of the rarefaction of the air. When half a 


| absorption 


| changed. 


| should be cooled very slowly. 


| annealed glass. 


A few moments afterward he fell back 
insensible in the car. His companion, Mr. Coxwell, 
who had been ewployed as aeronaut, here attempted 
to stop the ascent by pulling the valve rope; but 
this had become twisted on account of the rotary 
motion of the balloon. It was necessary to climb up 
into the rigging to disentangle it. On attempting to 
come down he found his hands frozen and insensibility 
beginning to creep over him. Placing his arms on the 
ring, he dropped down into the car. After several in- 
effectual efforts he succeeded in catching the valve 
rope with his teeth, and by dipping the head a few 
times he caused the escape of enough gas to make the 
balloon take a decided turn downward. Glaisher 
soon recovered and resumed his observations upon the 
instruments. During the few moments before he be- 
eame insensible, the balloon had been rising at the 
rate of 1,000 feet per minute. Thirteen minutes of in- 
sensibility followed, and the rate of descent was found 
to be 2,000 feet per minute. A minimum thermometer 
indieated that the lowest temperature attained was 


|—11°9° F., and Coxwell observed the lowest barometer 


to be7 inches. ‘These data warranted the conclusion 
that the maximum elevation had been 37,000 feet, or 7 
miles. The first 3 miles of descent were accomplished 
in 9 minutes. The balloon was then checked by throw- 
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OF SEVEN MILES. 


GLAISHE 


ing out ballast, and the ground was reached in safety, 
about 100 minutes after the departure from Wolver- 
hampton. 

The detailed observations made by Mr. Glaisher 
during his long series of aerial voyages were duly 
published in the reports of the British Association. He 
established the existence of a warm aerial current 


sweeping over England, as the Gulf Stream sweeps 


through the Atlantic Ocean. At any given spot, how- 
ever, this current is subject to fluctaations. e found 
that the velocity of the wind was much greater at 
lofty heights than near the ground, and noted the in- 
tensely deep blue color of the sky at such elevations. 
The explanation of this fact has since been worked 
out by Tyndall, and still more thoroughly by Langley, 
being found in the atmosphere’s power of selective 
Sounds from the earth were found by 
Mr. Glaisher to be more or less ‘audible, according to 
the degree of moisture in the air. When in a cloud at 
the height of four miles, he heard distinctly the rum- 
bling of a railway train; but when in clear air, with 
the cloud between him and the earth, the sound was 
inaudible, even though his elevation remained un- 
Ata height of two miles the barking of a 
dog was heard when the atmosphere was clear and 
dry ; but the shouts of a multitude of people were un- 
heard when the intermediate air was moist, at a dis- 
tance of three-fourths of a mile. This confirmed Tyn- 
dall’s experiments, subsequently made, on the acoustic 
opacity of bodies of air that may be optically trans- 
parent. These are but a few of the many valuable 
observations made by Mr. Glaisher. 
(To be continued.) 


(Continued poe Seinen, No. 737, p. 11777.) 
THE CHEMISTRY OF GLASS. 
By Prof. Gustav GEHRING 
ALL objects of glass, after they have been formed. 
If a mass of molten 


glass be suddenly dropped into cold water, its mole- 
cular constitution is changed, it becomes less dense, 


}and the fragments, to which it may be reduced, pre- 
| sent no longer sharp edges. 


A Prince Rupert’s drop is but an extreme case of un- 
Its manner of rupture is quite char- 
acteristic. When embedded in plaster of Paris it dis- 
integrates in little seales, which all point in the same 
direction. 

De Luynes thinks it is formed by the superposition 
of unequally tempered layers of glass, and consequently 
unequally dilated. He compares sucha drop to a 
series of superposed caoutchouc pears, blown up under 
pressure and sealed, all uniting by their necks, which 
are subjected toa single ligature. 
in destroying the part common to all the necks, the 
equilibrium of the system will also be destroyed. This 
is shown by the fact that the stem can be eaten off by 
hydrofluoric acid, up to a certain point, without caus- 








It is evident that! 





ing the drop to burst. Also, at the broad end, eic 
layer can be successively cut or removed without 
stroying the whole; the interior layers maintain 
equilibrium of the system. 

A Rupert’s drop, about five millimeters in diame : 
when observed in phenic acid, shows five or six col: 
fringes of great brilliancy. Its molecular conditio.: is 
analogous to that which would be produced in a p ate 
of glass subjected to a pressure of 1,600 atwosphx res. 
Only the exterior part of a drop preduces the phe- 
nowenon of colored rings under the polariscope. ( rdi- 
nary glass is not endowed with the power of double 
refraction. It acquires this property, however, ii by 
any cause its elasticity becomes more modified in one 
direction than in another. 

In order to effect this, it may be strongly compressed 
in a given direction, or it may be curved or tempered. 
If the glass is then traversed by a beam of pola: zed 
light, effects of color are obtained which are entirely 
analogous to those described in the case of double re- 
fracting crystals. This test is very sensitive. Ordi- 
nary glass is always a little tempered. 
mits light to pass unobstructed, but when the glass is 
compressed there will bea black spot in the middle. In 
pressing still more, colored rings appear. But it is ob- 
vious that an enormous pressure is necessary in orcer 
to produce the rings of tempered glass. 

A square glass plate, regularly tempered, shows tin- 
der the polariscope a cross by allowing the light to 
pass in two lines which intersect, so as to virtually 
separate the plate into four equal squares. 

Glass plates of that kind have been perforated by 
bullets in the center, or point of equilibrium, without 
being broken. They can also be cut into four pieces 
through the lines of equilibrium, but if cut anywhere 
else, they burst into a thousand fragments. On account 
of the explosive violence with which such objects 
burst, they are dangerous. 

Attempts have been made to temper glass so as to 
obviate danger. This constitutes what is called tough- 
ened or hardened glass. It is formed by plunging the 
object red hot immediately into oil. 

Je la Bastie, the inventor of the process, has deter- 
mined for many liquids the coefficient of solidity which 
they give to glass. In water it breaks almost every 
time, but pure grease and unrefined oils give excellent 
results. 

I have seen a thin plate of toughened window glass 
resist a fall of 100 gramme weight through the distance 
of ten feet, and another plate, three-quarters of an inch 
thick, did not break under a weight of 500 grammes 
from a height of eighty feet. The resistance of tough- 
ened glass is at least tenfold. 

For coarse objects, its price is not higher than that 
of cast iron, and its density is only about one-third as 
great. The tramways of the North Metropolitan, in 
London, use it for rails. 

During the last exhibition in Paris, De la Bastie 
showed soup plates of toughened glass, imitating porce- 
lain, which never chip when thrust against each other, 
and when thrown from a table resist at least eighty 
times out of a hundred. 

Dry air or oxygen, at the ordinary temperature, are 
without influence on glass. Hot air turns flint glass 
black. Boiling water dissolves it readily, as was first 
observed by Bernard Palissy. Lavoisier, in 1770, when 
the science of chemistry was yet in its infan¢y, showed 
in a memorable experiment that water heated for 
101 days is not converted into earth, as was then be- 
lieved by some. 

To the contrary, he found that the vessel had been 
decomposed, the alkaline silicate of the glass dissolved 
in water, and the insoluble lime silicate formed a de- 
posit. 

Stas, before entering on the determination of atomic 
weights, wade experiments in view of ascertaining the 
devree of solubility of different kinds of glass 

Dilute acids, with the exception of sulphur'e acid, 
are less deteriorating than water. Alkalies must be 
avoided. New glass vessels are attacked wore easily 
than old ones. Natural surfaces are much wore resist- 
ing than those polished. Emery-ground necks and 
stoppers of bottles are very much attacked by liquids, 
as every chemist knows. In fact, there are no means 
for closing a bottle hermetically for any length of time 
and against all ordinary changes of temperature. In- 
dia rubber deteriorates by oxidation, and cork does 
not close by itself. Substances like sealing wax or 
paraffine, which are often put over the corks, soon 
erystallize and are altogether delusive 

Glass, finely divided, such as glass cotton, is easily 
dissolved by water, especially when hot; it loses from 
10 to34 per cent. of its weight. Any kind of glass, 
when reduced to powder, will give with cold water an 
alkaline reaction, but with boiling water almost in- 
stantly. If it be flint glass, there will be formed in the 
hot water with hydrogen sulphide a black precipitate of 
lead sulphide, and the sawe in cold water, with sodium 
sulphide. Even moist air is not without effect. ‘Thus 
we often see the window panes in old houses dimmed 
with iridescent streaks. On heating such panes little 
scales come off. which are different in composition from 
the non-irisated glass. Through atmospheric influences 
the alkaline silicates on the surface of the glass were 
washed out, and the alkaline earth silicates remai' in 
the form of scales and impart to it that play of iri- 
descence. This phenomenon is always found in the 
glass of ancient tombs. y 

Messrs. Fremy and Clemandot have shown that this 
aspect of antique glass can be produced artificially by 
heating it under pressure in water containing about lo 
per cent. of hydrochloric acid. 

Irisations of a different kind, but no less beautiful, 
have been produced by Lobmayer, in Vienna, by sub- 
mitting the objects in the annealing furnaces, at 4 
dark red heat, to the action of vapors, such as sub- 
chloride of tin and the nitrates of barium and stron- 
tium. 

Glass also changes under the influence of suniight. 
Mr. Gaffield, of Boston, began in 1863 to expose more 
than a thousand different specimens of glass of all 
colors and widely different in composition, from one 
hour to thirteen years. He found that pure flint lass 
used for optical purposes is almost unalterable. White 
glass on exposure turns blue, but does not change 
wherever it is covered with red glass, unless it be re 
moved. 

A window pane, which was colored violet by an ex- 
posure to sunlight during twenty years, was stil] cvlor- 
less where it had been protected by the frame, In wany 
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eases the change of color is due to the reduction of 
nanganese dioxide by the action of the sun. To evade 
coloration, Gaffield’s experiments are of value, for they 
ndicate where it is necessary to modify the composi- 
‘ion of vitrifiable substances. Hence, metallic oxides, 
vhich do not impart color, such as the oxide of zine, 
re preferable for the peroxidation of the salts of iron. 
anganese dioxide in its function as glass maker’s soap 
nas been abandoned. Changes in color are often seri- 
yus. It is well known that Bohemian glass turns 
slightly yellow by exposure to light. Merchants, there- 
fore, keep such articles generally well enveloped, or 
»reserve them in dark rooms. 

Coloration in stained windows is common in Ger- 
many, and has been noticed even in the masterpieces 
f glass painting in Munich. For photographers it 
would be of great inconvenience. Plates having turn- 
ed yellow, lose in large part their power of transmitting 
the chemical action of sunlight. 

When molten glass is allowed to cool down very 
slowly, or when it is heated to softness for a long tiaue, 
it loses its transparency and is converted into Reau- 
mur’s porcelain. This fact was observed by Reaumur 
in 1789. He heated a bottle, which was surrounded by 
a mixture of equal parts of sand and gypsum, very 
strongly for twenty-four hours and obtained a porce- 
lain-like mass, which he called “ porcelaine par de- 
vitrification.” 

Natural devitrification occurs frequently, especially 
in soda lime glass, or any other glass which contains 
an excess of silica or lime. It always begins at the sur- 
face, and in appearance may be plain, saccharoid, por- 
celain-like, granular, and even prismatic, like basaltic 


rock. 

Devitrified blue glass has the beautiful aspect of 
marble. Pelouze, Benrath, and Stolba found that de. 
vitrified glass has the same composition as ordinary 
glass. Pelouze, therefore, thought that it was merely a 
molecular change, analogous to the transformation of 
amorphous arsenious acid into its crystalline modifica- 
tion. 

Of course, analysis could have shown no difference, 
for the crystals were still impregnated with the mother 
liquor. We know now that really a separation of the 
various silicates is operative in the glass, and that the 
monosilicate of calcium crystallizes out. Now, if the 
calcium silicate crystallizes as soon as the glass be- 
comes cooler, it ought to exist in that condition dis- 
solved in the mass. And this again agrees with the 
hypothesis according to which glass is not a chemical 
compound, but a solution of a crystalline silicate in an 
amorphous silicate. At first sight it appears absurd to 
speak of a chemical formula of glass, but in comparing 
the famous glass of Venice with that of the best fac- 
tories of Bohemia, of St. Gobain, and of Chance & Co., 
of Birmingham, certain analogies present themselves, 
which Beurath expresses by what might be called the 


chemical formula of normal glass, 5 4 Lo, 3 Si O. + 
7 (CaO, 3 SiO,). 

The question may be asked, since devitrification is 
always on the surface, how does the monosilicate of 
calcium, being inclosed in a solid body, get there ? 

It has been said that an atom is never twice in the 
same place. This may be true, if space be taken in its 
absolute sense. But even in solids, molecules as well 
as larger particles of matter enjoy a greater latitude of 
motion than is commonly supposed. 

Boyle, in his tract on ‘“‘The Languid Motions of 
Bodies,” mentions a turquois in which several spots of 
different colors were seen moving for many months 
gradually from one part of the stone to another. Sev- 
eral pictures of these spots, which were made at differ- 
ent times, proved this beyond a doubt. 

In a few other turquois stones, two different blues 
in different parts of the stone were seen to encroach 
upon each other, until at last they had changed sides 
completely. Furthermore, Draper observed by analy- 
sisthat in long buried Roman silver coins much of 
the alloying copper had come to the surface to form 
the green patina of antiquarians, and that the silver 
within was comparatively pure. These motions some- 
times go even to change the form of solids, as for in- 
stance in plastic ice. But even in solid mineral sub- 
stances the particles are sufficiently free to move in 
order to determine sometimes a deformation of the 
body. 

It may be pertinent to mention some cases which 
have come under my observation. There is exhibited 
in a museum in London a slab of sandstone, about two 
feet long and two or three inches thick, which had been 
supported for some time at its extremities only, and 
had thereby eventually assumed the fori of an arch. 
A very curious example, which it seems to me comes 
under the same head, is now in the Soane Museum in 
London. It is the magnificent sarcophagus which 
once contained the mummy of Sethos, the father of 
the great conqueror, Rameses II 

This object, unique in the world, is cut out of a solid 
block of alabaster, nine feet in length, and so thin that 
a person could read in it when covered with a lid of 
the same material, as it probably was, though it has 
now disappeared. Both sides are slightly deformed, 
especially one is bent several times irregularly to and 
fro. This irregularity cannot be accidental. More- 
over, the extremities, which were left thicker and are 
comparatively short, have preserved their perfect geo- 
metric form. 

Although I have never heard an explanation nor 
any mention made of this irregularity, but is it not ob- 
vious, from what we have already learned, that on ac- 





is plain window glass with 5,000 perforations to the 
square meter, and may be excellent in many places 
where ventilation is needed. 

The art of making blown plate mirrors, which re- 
mained for a long time asecret, is due to the Venetians. 
Colbert, the great minister of Louis XIV., wrote in 
1664 for information to the ambassador of Venice, but 
in vain. Later on, French workmen went to Venice 
and succeeded in getting on the island of Murano. 
Climbing on the roof of one of the workshops, they 
spied out through an opening the secret of that manu- 
facture. They returned to Paris and established them- 
selves at the Faubourg of St. Antoine, where this pro- 
cess was continued until 1691. 

Lucas De Nehon, in that year, invented the method 
of casting plate glass, and thereupon installed that 
manufacture in the castle of St. Gobain, which is still 
the principal center of production of the company. 
This process, it is said, has saved the lives of thousands 
of laborers, and has also destroyed the industry of 
Venice. 

Ever since the dimensions of plate glass have con- 
stantly increased. In the exposition of 1878 a plate 
reached twenty-six square meters. This was surpassed, 
however, in 1889 by a plate of St. Gobain, with a super- 
ficial area uf 33°16 meters. Its actual dimensions are: 
For height, 8°01 meters ; length, 4°14 meters; and thick- 
ness, 0°018 meter. Weight, 1,492 kilos. It would have 
made a suggestive centennial plate for our country. 

According to the latest statistics, the actual amount 
of plate glass manufactured in Europe is : 


BUORES 06: sb iccsccce’s .. .410,000 square meters. 
SR es cecd scsaunwe 300, ” “ 
reer es - 
| ES eo 800,000 ** - 


Unfortunately for the United States, we have no re- 
ports available. But the growth of this industry in 
this country is illustrated in a remarkable manner b 
that of Pittsburg. Established a few years ago, wit 
a capacity of 50,000 square feet a month, it has in- 
creased in 1887 to 250,000. 

A new factory. erected in 1887 by Pittsburg capital- 
ists, at Butler, will make the total capacity nearly 350, - 
000 square feet per month. 

Pittsburg claims to be fully abreast with the world, 
and that her products in every respect equal and, in 
some cases, surpass those of France. 

Plate glass after casting is always rough, and has to 
be polished successively with sand, emery, and col- 
cothar. It was formerly done by children and women, 
whose hands and fingers, in this continuous process of 
friction, became often fearfully mutilated. All this is 
now superseded by machines, which, in their motions, 
produce regular lemniscates. 

Much of the plate glass is used for mirrors. They 
are usually coated with an amalgam of tin. Such mir- 
rors, in tropical countries, or when placed against 
chimneys, are often destroyed by heat. Silvered mir- 
rors are free from this objection, and are very cheap, 
but they are slightly yellow and turn black whenever 
there are emanations of hydrogen sulphide. To ren- 
der them whiter, a mixture of the cyanides of silver and 
mercury is often used. Mirrors are also coated with 
aluminum and platinum ; they are unalterable by heat, 
but their power of reflection is somewhat diminislfed, 
and when regarded laterally, appear bluish. The coat- 
ing of platinum is very thin and gives also excellent 
sun glasses. 

The following table gives a lucid presentation of the 
progress that has been made in the manufacture of 
mirrors since the introduction of machines and the ap- 
plication of scientific knowledge to industry : 


Price of mirrors, 


In 1 sq. meter, 4 8q. meters. 
errr 165 francs, 2,750 frances. 
EE: a swsvwecuscas 205 ‘* 3,437 
Bas essancnces 226°“ 4,008 ‘ 
Tee _ 1,245 ‘ 
are ie 262 =“ 
ee 35 COS 199 “ 
errs ere — _ * 


The augmentation in 1802, a century later, may be 
accounted for by the greater value of all commodities. 
In 1805, on account of the Continental blocus, prices 
were exaggerated. 

Ancient lead glass resembled in its composition 
strass much more closely than the flint glass of our 
times. For this we are indebted to England, where it 
was first made 1635. Since in England coal is employ- 
ed for heating, which gives much fume, it was neces- 
sary to use hooded pots. But thereby the glass melted 
less easily, and to prevent this incovenience they con- 
ceived the idea of adding litharge as a flux. This, 
however, changed the properties of the glass entirely. 
By proper care in the operation and in the choice of 
the materials, a glass is obtained which is really the 
6 Se vitreous substance that can be pro- 

uced. 

For crystal or puré flint glass, carbonate of potas- 
sium is always used, and cannot be replaced by the 
earbonate of sodium, which invariably gives a green 
tint. Generally flint glass articles, such as tableware, 
globes, domes, reflectors, chimneys, etc., are small. 
Some of them are wade by moulding, but most of it 
is blown, and that in enormous quantities. A single 
firm in Pittsburg, for instance, produces annually 12.,- 
000,000 chimneys. It is estimated that for such articles 
a glass blower blows in a working day of ten hours at 


eount of the extreme thinness of the walls it could | least 7,000 liters of air. 


hardly have been expected otherwise? 


{ 


Messrs. Appert & Bros. have patented a process of 


Now, then, in order to return to our question, in| glass blowing by air compressed in steel accumulators. 


glass, too, it cannot be denied, there must be such 
motions. And since devitrification always takes place 
on the surface, does it seem to be untenable tosuppose 
that the monosilicate of calcium, too, gains its way to 
the surface by some such interstitial movement ? 

Window or plate glass is almost universally made 
by blowing cylinders. The old method of blowing 
plates tends to disappear, and is now only used in cer- 
tain parts of England. 

Pittsburg alone has fifteen window glass factories, 
which produce annually for $4,850,000. The largest 
cylinders of Belgian manufacture, which were shown 
last summer in Paris, were 270 by 140 centimeters, or 
107 by 55 incbes ; another measured 310 by 100 centi- 
meters. As a novelty of the exposition in this line of 
work, way be mentioned Appert’s perforated glass. It 





The cubic meter of air costs about one cent, and varies 
in pressure from 5 to 30 grammes. To show that large 
objects can thus be blown just as well, they exhibited 
in Paris a balloon for watch glasses of 1,950 liters. It 
was 1°55 meters in diameter and weighed 25 kilos. 

The blowing of large masses can certainly not be 
salubrious to workmen, and considering that the blow- 
pipes pass from hand to hand, or rather from mouth 
to mouth, zymotic diseases are only too apt to be trans- 
mitted. Very often inventions which are intended to 
benefit the working classes find in them their greatest 
opponents, 

Bohemian glass, a purely German invention, con- 
tains potash instead of soda, and nolead. It is, there- 
fore, from 30 to 35 per cent. harder to melt and to cut 
than flint, but is susceptible of a more beautiful pol- 





ish, and retains it better. Formerly, the materials 
were in the immediate proximity of the factories. The 
pots were small, and whenever the wood in the vicini- 
ty. was consumed, they simply moved and extemporized 
another workshop at some other locality. At last, 
wood became so rare that special laws had to be passed 
for the protection of forests. 

Toward 1870, soda was introduced. The article em- 
ployed was very pure, and even a little of minium was 
added, which gave great brilliancy to the glass. Bohe- 
mian goblets are very fine and delicate, and have for 
a long time been remarkable for the thin bottom and 
no pontee. Ordinarily, in making such goblets, alittle 
boy cowes forward with an iron rod, the pontil, on the 
end of which has been gathered a small lump of metal, 
which is pressed against the base of the goblet ; it ad- 
heres, and is then finished. This always leaves a 
roughness at the bottom of those objects. 

American wanufacture differs in this respect, and 
Europeans at the last centennial exhibition were sur- 
prised to see all American glasses without pontee and 
perfectly smooth. 

Formerly all glass in Bohemia was cut, but they 
have recently learned what excellent results are ob- 
tained in this country by the process of moulding, and 
American moulds are now employed to great advan- 


tage. 

“Hifterently colored layers of glass are often super- 
posed, and thus it may be doubled, trebled, and 
quadrupled. By removing some of these layers entire- 
ly, orin part, splendid effects dre produced. In this 
kind of manufacture the Bohewians take the lead; and 
excel both in design and in the art of coloring. 

Engraving on glass also originated in Bohemia. 
There are entire villages, such as Hayda, Steinschonan, 
and others, with populations of more than 25,000 work- 
men, who devote themselves exclusively to engraving 
on the wheel, or with acids, to painting, gilding, and 
other fancy work. In all these places are special 
schools where they educate their own artists. 

Imitations of precious stones are made near Gablonz. 
For this purpose strass, a material named after John 
Strasser, of Vienna, is employed. It is made in small 
quantities at a time, only about 40 or 50 kilos per eruci- 
ble. Among the 5,000 laborers of that locality, even 
children of five or six years are occupied in polishing 
those gems, so remarkable for their aspect. The wages 
paid are, for men from 18 to 26 cents a day, and for 
children from 6 to 10 cents. 

No substance lends itself at the same time more 
easily, better, and more lastingly to all imaginable 
colors than glass. 

According to Pliny, however, colorless, transparent 
glass, that which resembles rock crystal most closely, 
will always remain the most highly esteemed. We ad- 
mit that in ornamentation even gold on crystal is but 
adding the brilliant to that which shines, and there- 
fore a pleonasm. But for all that, we now could not 
well do without the material wherein Roman work- 
manship excelled so much that modern art appears to 
be powerless to imitate objects like the vase of Bar- 
berini, which adorns the Museum of Naples. 

Another example is the celebrated Portland vase, 
which, among connoisseurs, for a long time has passed 
for engraved stone. Numerous imitations have been 
attempted. One of these which figured in the English 
section in the exposition of 1878 was still unfinished, 
bat represented already an expense of 62,500 francs. 

Glass is colored either in its entire mass or by flash- 
ing. Both methods were known to the ancients. The 
colors and gamuts of colors which can be obtained with 
different oxides are unlimited in number. For equal 

uantities of oxides colors are more intense the more 
the glass is basic, and less the more it is acid. Differ- 
ence in color also depends on the degree of oxidation 
of the oxides, on the degree and duration of the tem- 
perature to which they are submitted, and finally on 

— of the glass, whether sodium, potassium, or 
ead. 

To color glass, three methods are adopted. By the 
method of addition the oxide is first melted in borax 
and then added to the liquid glass. By the method of 
cementation, which is used for silver, gold, and plati- 
num, the chlorides of those metals are formed into a 
paste with ferric oxide as a medium, and thus painted 
on glass, which is then heated to redness. ‘The last 
method consists of reheating the object which contains 
already the coloring substances. 

Manganese gives beautiful colors. If the glass con- 
tains soda, the violet is reddish, and with potash it is 
bluish. Green is obtained with the oxides of copper, 
chromium, and the protoxide of iron. Large quanti- 
ties of the oxides of copper and cobalt or of ferric 
oxide give black, but the most beautiful black is ob- 
tained with sesquioxide of iridium. Silver chloride 
gives a brilliant yellow. Yellow rays produce effects 
comparable to sunlight. A room thus papered is al- 
ways light and cheerful, and often a yellow window 
produces the same effect. 

Experiments on this subject have been made in 
hospitals. where it seems to have produced a more 
cheerful disposition in patients. Yellow lights are often 
used in dark naves in many churches in Europe. 

A remarkable sight is the tomb of Napoleon, where, 
against a window of yellow glass, there is placed a 
huge black cross, with the effect of making it.appear 
to be aglow witha living fire, even long after the sun 
bas set and all is shrouded in darkness. 

Enamel is a vitreous substance which may cover any 
material, but most usually earthenware. It may be 
regarded as a colorless glass, which holds in suspension 
an opaque, insoluble body. Stanniferous enamel was 
introduced to Europe by the Arabs. For a long time 
that was the — kind of enamel known, but now we 
have enamels which are transparent, opaque, color- 
less, and colored. 

Iron is enameled by cleaning it first with sulphuric 
acid; the surface is washed, dried, and the enamel in 
form of powder is put on the object, which is tien 
heated to redness. 

On glass, very pretty designs are obtained by the use 
of paper or lace patterns. They are put on the sur- 
face to protect it, in places where no enamel! is desired, 
against the fine enameling powder, which is blown 
over it. The patterns are removed and the glass is 
then heated. 

To produce designs equally durable, but of a differ- 
ent nature, sandblast is used, a process which was dis- 
covered in 1870 by Tilghman, of Philadelphia. The 
ancient method of etching glass, which was known al- 
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ready in the seventeenth century, has only recently | processes of the Greeks and Romans, who themselves 


come in vogue for the decoration of glass. 

Astonishing results can be obtained with glass of 
differently colored layers, if they be skillfully removed. 
Thus, on doubled giass, actual paintings of flowers and 
fruits have been obtained in eight different tints. 

In all countries where the sun shows itself discrete, 
and where humidity is excessive, paintings on walls, 
however costly they may be, are soon condemned to dis- 
appear. Mosaic art is the only means of preservation. 
At present there are only three establishments in ex- 
istence where this art is officially encouraged, namely, 
the Vatican, St. Petersburg, and Paris. As private 
enterprise, however, Florence and Venice are also fa- 
mous. 

Unique in this respect is the dome of St. Marcus, 





where the surface covered with mosaic is more than 
4,000 square meters. Artists are never embarrassed for 
lack of color, but rather with the difficulty to perceive | 
a difference, for, as Salviati affirms, there are in this | 
art more than 30,000 shades of colors. 

Another industry where the art of the painter is al- 
most indelibly impressed against the inclemencies of | 
time is that of staining glass. It has been observed 
that the ancient windows of cathedrals are richer in| 
color and more brilliant than those of modern manu- 
facture. The reason of this has been recently explain- | 
ed by the aid of the microscope. On account of the} 
ceaseless attack of temperature and moisture, these 
panes have been chiseled into innumerable points, 
where each ray of light by interference is refracted and 
reflected a thousand fold. 

A lesson has been taken from this, and now similar 
effects are produced artificially by roughening the sur- | 
face of glass as much as possible. 

Among smaller objects of art the manufacture of 
glass beads has at one time been of importance, but in 
its more artistic form is now principally relegated to 
Venice. Large beads are always blown, but the com- 
mop small beads are simply cut with knives from bun- 
dies of glass tubes. Being mixed with powdered lime 
and charcoal, the openings soon fill up. They are then 
heated until the ends become round, and when cool, 
are freed from the impurities by washing with dilute 
acids. 

Native pearls have always been high in value, and 
therefore a favorite subject for imitation. Cleopatra 
issaid to have eaten a pearl of enormous value dis- 
solved in vinegar. Pearls sometimes die, that is, they 
lose theirluster. Usually they are silvery or bluish 
white, hard, smooth, and lustrous. In form they are 
roundish, more or less regular. They are generally found 
in the shells of several species of mollusks, particularly 
in the pearl oyster. Composed of calcium carbonate 
and interstratified with animal membrane, they ap- 
pear to be the result of a diseased secretion, caused by 
the introduction of foreign particles. Sometimes pearls 
are very fragile. 

My teacher once related that a certain gentleman 
put several pearls into his hands, but on hearing that 
each was worth about 10,000 francs, he kindly asked to 
have them removed. 

Pearls are imitated with opalescent glasses, but best 
with a liquid consisting of the seales of ablets, which 
are abundant in Germany. About 20,000 of these little 
fish are necessary for one pound of Oriental essence, as it 
is called. Imitations with this are so perfect that the 
jury of the Paris exposition in certain cases was unable 
to decide. ot 

In 1877, Fremy and Feil have been able to prepare 
rubies and sapphires artificially and sufficiently large to 
be of use to watchmakers and jewelers. 

Among particular industries might still be mention- 
ed those of watch glasses and optical glass. Watch | 
glasses are made in several ways. Sometimes by cut- 
ting them out of large balloons with a diamond, which 
is moved by some machine. Often these watch glasses 
are removed from the surface of the sphere carefully | 
so as to leave the skeleton intact, which by itself looks 
as windy asa chateau en Espagne. Also by cutting 
round plates from plain glass and heating them in 
cups, whose forms they finally assume. They are also 
made by pressing the hot glass plate into moulds with 
carbonized cork wood, or, finally, by direct moulding. 
‘There are sixteen different classes of watch crystals. 
The first class contains already 6,912 different kinds. 
Under these complicated circumstances competition is 
almost impossible, and in this respect similar to the 
manufacture of buttons and needles. 

In 1827, Faraday and Herschel were appointed by | 
the English government to experiment on the manu- 
facture of optical glass. A special furnace was con- 
structed, and after spending about $30,000, the experi- 
Anent was abandoned, with Faraday’s glass for a result, 
which has a specific gravity of 5°44. 

The objective of the great telescope of the Lick Ob- 
servatory on Mt. Hamilton, in California, rough three 
feet and three inches in diameter, was made by Feil in 
Paris. 

In the working of such large masses of glass, stirring 
up in order to produce homogeneity is the principal 
condition for success. It is often done with a rod of 
platinum. When the block is finally taken from the 
crucible it is laid on a proper mould, where it is heated, 
until, in spreading out, it will fill it. The heating is 
contihued for ten or fifteen days, and then the mass is 
allowed to cool for a month or more. 

Feil is recognized to-day by all astronomers as the 
first manufacturer of — glass. There was at that 
time but one place in the world where it could have 
been made, and but one where it could have been pol- 
ished, and that was America 

We have seen how this beautiful and noble industry, 
which lends itself to the necessities of man, material 
as well as scientific and artistic, has changed its abode | 
of supremacy with the destinies of nations. 

If in marshaling our evidence we would follow once 
more in the footsteps of this industry, we would see 
that from the time of the simple ylass blowers of the 
hypogeum of Beni Hassan down to our modern artists, | 
embarrassed by an infinite complexity of processes, the 
supremacy of this noble and useful art has passed 
down among the peoples of the earth in chronological 
order of their highest development. We have seen | 
how it passed from the Eyptians to the Arabs, to the} 
Greeks and Romans, then during the fourth century | 
to Constantinople, which at that period was the most 
luxurious capital on the face of the earth, and then to 
Venice. 

There, on the island of Murano, were resuscitated the 











were but the disciples of the Egyptians. 

Finally, we saw how it passed to the Bohemians, 
who instructed the French, and they in their turn the 
English. But, now, if history is to be our judge, as it 
evidently ought to be, we must see that a great future 
is just opening before our eyes. 

As a nation, we are already first in agriculture, in 
mining, in the packing and exportation of meat, in the 
industry of milling and exportation of flour, and first 
even in the manufacture of iron. What greater indus- 
try could now be added more appropriately to al! these 
to heighten and strengthen the fawe and prosperity of 
our country than that of giass ? 

Europe is at a standstill and lives on the capital of 
her past greatness. Therefore, supine to whatever 
may be reserved for us, we ask at least where will in 
the future be its uncontested supremacy ? 

May I here be allowed to repeat what I have once 
said on this subject in a lecture in Pittsburg, situated 


|as | was on the promontory between the Monongahela 


and the Allegheny, in the midst of the ponderous throb 
of eyelopean industries? And now, what shall I say 
of this industry in our country? Of its hamble begin- 
ning, I will not speak, and in proof of its present 


| gigantic development, we have before our eyes thou 


sands of glowing furnaces. It seems to me this indus- 
try will prosper among us and will prosper for a long 
time, for it loves to dwell in the shade of a great na 
tion. 


IMPROVED HAY AND STRAW PRESS. 


AT the late Smithfield show, the hay and straw bal- 
ing press of Howard, of Bedford, was shown, adapted 
for being worked by animal power where steam power 
is not available. The machine thus improved is here 
illustrated. When working in combination with a 
steam threshing set, the press takes only from 144 to 2 
horse power, the power required being uniform and 
not intermittent. The straw falling from the shakers 
passes through the press and is delivered in bales at 
the rate of 13g tons per hour, with a density of 9 lb. 


- 


Rabies is a specific infectious disease, and like ail 
other specific diseases, its first origin is unknown. We 
do not know how and why the first animal or man who 
presented the signs of rabies was afflicted with the dis- 
ease, just as we do not know how simall-pox or meas}-s 
originated. What we do know is that nowadays it 
never occurs spontaneously, that whenever and wher- 
ever human beiugs or animals show the typical sym)- 
toms of the disease, the origin of the affliction may be 
traced to the bite of a rabid animal or to the accidental 
introduction of rabie virus through a scratch or cut 

If that is so, it necessarily follows thatif it was pos.i- 
ble to find a place—an island, for instance—where rabies 
has been efficiently stamped out, no cases onght to oc- 
cur in that place unless the disease be imported by a 
rabid animal. That is indeed the case. It is not ‘o 
be met with in islands, whatever their size may be, ‘n 
which it has once been efficiently stamped out, and in 
which dogs are brought on shore after having bern 
kept in quarantine for a period of time of several 
months. And that is the case whether the island be 
situated in tropical, temperate, or cold climates. But 
whenever and wherever (in a country in which there ‘s 
but a single case of rabies) dogs are allowed to roam at 
large—especially unmuzzled—or where many wild ani- 
mals, such as wolves, are afflicted with the disease, 
eases of rabies must occur in men also. 

Climate seems to have no, or very little, influence on 
its production. It has appeared among dogs in an 
Arctie expedition, it is common in our countries, it is 
found in the East, on the coasts of Africa, in Brazil, in 
India, in China, and broke out with frightful malig- 
paney when accidentally introduced at the Cape. State- 
ments that it does not occur in the east of Europe have 
been often made, and it seems strange that in a place 
like Constantinople, where dogs roam unmuzzled about 
the streets, the disease should be unknown. Unfortu- 
nately it is totally untrue, and so numerous are thie 
eases of rabies occurring among human beings in that 
town, that his Majesty the Sultan, in 1887, endowed an 
institute for the treatment of men bitten by rabid 
animals. 

Heatand thirst have been supposed by wany to have 








IMPROVED HAY AND STRAW PRESS. 


per cubic foot. A bale measuring 18 inches square at 
the ends and 33 inches long weighs 56 1b. Loose hay is 
baled at the rate of 2 tons per hour. 


RABIES AND ITS PREVENTIVE TREATMENT.* 
By ARMAND RUFFER, M.A., M.D. 


DURING the last fonr years—that is, since the publi- 
eation of Pasteur’s researches on the antirabie treat- 
ment as applied to man—many and important papers 
have appeared on the subject which is to oceupy us to- 
night. The critical minds of medjeal men, always anx- 
ious to test the truth of any so-called discovery, seized 
on M. Pasteur’s statements and submitted them to the 
rigid test of experimental criticism. The political press, 
likewise wishing to give its readers the latest news, 


| published more or less accurate information concerning 


the mode of treatment followed at the Pasteur Institute, 


and also reproduced letters froma large number of | 


persons who wished to air their opinions about rabies. 

In this country, during the course of the year 1889. 
much has been spoken and written about the disease. 
I need only refer toSir Henry Roscoe’s bill for the com- 
pulsory muzzling of dogs, to the speeches made on July 
1 at the Mansion House by many eminent men, to Mr. 
Kerslake’s paper before the Balloon Society, and to M. 
Pasteur’s contribution to the New Review. I cannot 
be expected, therefore, to raise any very new points, 
and indeed I would not have ventured to speak here 
to-night if I had not been requested to do so by your 
secretary, at the suggestion of someof my scientific 
friends. He asked me todo so simply because he knew 
I had had many opportunities to see rabies in man and 
animals, and to watch during several months the imme- 
diate and remote effects of the antirabic treatment. 

In this paper I shall not attempt to give a resumé of 
all that has been written on rabies, for the literature 
on that subject is so large that the mere enumeration 
of the remedies which have been used against it would 
occupy more than the time at our disposal. 

I must limit myself to giving an account of the nature 
of the disease. [intend to indicate the means at our 
disposal to eradicate it, and lastly to show how its oc- 
eurrence may be prevented in human beings, even if 
they have been bitten by rabid animals. 

* A paper recently read before the Society of Arts, London. From the 
Journal. Sir Joseph Lister, the chairman, in introducing Dr. Ruffer, said 


that as a member of the Parliamentary committee it was his business to sift 
very carefully the evidence which M. Pasteur brought forward in support 


of his preventive treatment of rabies, and the result with tim, as with | 


every member of the committee, was that he was thoroughly satisfied on 
the subject. He had also visited the Pasteur Institute, and had seen with 
admiration the perfection of the equipment of the institute, and the 
thoroughly scientific manner in which the operations were conducted. He 
also knew M, Pasteur’s kindness of heart, and his especial tenderness to- 
ward soffering, whether in man or in the lower animals. Dr. Armand 
Ruffer was epecially well qualified to speak on this subject, from his long 
and intimate acquaintance with the working of the Pasteur Institate, and 
he had much pleasure in calling upon him to read his paper. 


some influence on the production of the malady. That 
heat has little to do with it is shown by the fact that 
rabies occurs in cold as well as in hot climates. In 
temperate climates, cases occurring among dogs appear 
| to be as common, if not more so, in the winter than in 
the summer. I have been able to get confirmatory 
evidence of this fact in the following way. 

At the Pasteur Institute, in Paris, patients come to 
be treated from France, Eugland, Belgium, and Portu- 
gal, after having been bitten by rabid animals or ani- 
mals supposed to be rabid. I have, from the accurate 
records kept at the institute, prepared a diagram show- 
ing the number of human beings who presented them- 
selves for treatment during the years 1887 and 1888. In 
order to insure greater accuracy, I have carefully ex- 
eluded all patients bitten by animals in which the dis- 
ease had not been proved to be present, either by the 
test of inoculation or by a veterinary surgeon’s certifi- 
cate. 

If you look at the diagram on the wall, you will see 
that 56 per cent. of all cases occur from December 1 to 
June 1, and 44 per cent. from June 1 to December 1. 
Notice also that the highest number in both years came 
to the institute in February, and the lowest in Novem- 
ber, and that comparatively few patients were bitten 
in June, July, and August. I think we may conclude 
from these diagrams that, in late years, the chances of 
being bitten by a rabid animal are certainly as great in 
| the winter as in the summer. 
| Cruelty as a cause of rabies may also be excluded. 
| That ill-treatment may cause even a good tempered 
|}animal to become vicious, or that a dog after being 
| goaded to fury will turn on its master and bite him, is 
| trne enough ; but that animal is no more rabid than is 
| the negro slave who brains his waster with a elub. 
| There is nota particle of evidence to show that ill- 

treatment will produce rabies. Cruelty toa dog will 
| no more give rise to the disease than ill-treatment will 
| produce small-pox in a human being. 

The chief propagator of the disease, in this country 
at least, is the dog. This animal, when the first symp- 
toms make their a ne, does not always present 
the symptoms which to most people are characteristic 
|of rabies. It usually is not afraid of water, and instead 
| of showing signs of fury, the tirst symptom is at times 





| an increase in the affectionate sentiments of the animal. 
| The dog does not bite his master at first, but wil? often 


lick its. owner’s hand or face, or even other dogs it 
comes across. 

Even, then, however, the saliva of the animal already 
contains the virus, and I have seen a man die of rabies 
after having been licked on a sore place on the hand 
by bis own dog. Later on it often becomes sullen and 
morose, with a very characteristic bark, biting other 
dogs it comes across; frequently runs away, snapping 
at animals or men as it meets them, until exhausted it 
dies in a ditch or field, sixty or seventy miles from home 
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sometimes. If that be the ordinary or popular form, 
the other variety, or dumb rabies, characterized by the 
symptoms of paralysis, is not less common and just as 
dangerous ; for many are not on their guard against 
it, and may unwittingly expose themselves to conta- 
gon. The virus is the same, but gives rise to different 
sv:mptoms. This is proved by the fact that an animal 
w:th furious rabies biting another of the same species 
m iy produce dumb rabies in its brother. 

(in Russia and other countries where wolves are nu- 
w-rous, rabies is often propagated by these animals 
also. A rabid wolf during the furious stage of the dis- 
ease is a most terrible animal to meet. One of these 
brates, when suffering from rabies, occasionally gets 
into a village during the day and bites every animal or 
human being it comes across, attacking sometimes as 
many as sixty or seventy persons inoneday. The bites 
are extremely severe, for, unlike the dog, which often 
gives a snap only and then passes on, the wolf sticks to 
it» vietim, bites and worries itso relentlessly that it is 


pot rare for these poor people to die from their wounds 


ov the same or next day. . 
Rabies is occasionally met with in foxes, horses, sheep, 


| pigs, and cattle which have been bitten by other rabid 
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animals, but the cases in which the disease has been 
communicated to human beings by such animals are 
extremely rare. Lately there have been two epidemics 
of rabies among deer, one at Richmond and the other 
at Ickworth in the park of the Marquis of Bristol. 
During the latter epidemic, my friend, Mr. Adami, ac- 
cidentally inoculated himself with the virus, but as I 
see him here to-night I will not say anything more 
about it, for I hope that he will presently give us his 
experiences of the disease. 

The domestic cat has been known to communicate 
rabies to man. A rabid cat, however, is not uearly so 
dangerous as a dog afflicted with the same disease, for 
the former hides away in some dark place, and only 


| throws itself on animals and human beings when these 


come too near to disturb it. The dog, on the other 
hand, runs through large tracts of country, and thns 
becomes the common earrier of the dread virus. 

The signs of the disease in nan have been accurately 
described by many competent medical men, but the 
popular notion as to the sy:nptoms are very vague and 
erroneous in many points. The porgular description of 
a human being suffering from rabies—or hydrophobia, 
as it is sometimes called—is that of a violent madman, 
barking, howling, and trying to bite. As a matter of 
fact, in many cases the patient is perfectly calm and 
couscious, and the attacks of excitement are rare. The 
publie does not recognize the fact that the patient 
foams at the mouth merely because he is unable to 
swallow his saliva. 

The voice becomes hoarse and changed in character 
on account of the dryness and spasms of the throat, so 
that the cries of such a patient sometimes resemble, in 
the very vaguest manner, the barking of adog. Fur- 
ther, a patient thus afflicted will occasionally bite the 
attendants during a paroxysmal attack of fury, just as 
any other patient suffering from ordinary acute mania 
may doso, but, in the large majority of cases, he does 
not try to injure those near him, and hardly ever tries 
to bite. The patients sometimes have no attacks of 
excitement whatsoever, and the affectionate sentiments 


| are then often greatly exaggerated ; the patient crying 


takes leave of friends, bemoans his fate and lastly dies 
exhausted. In fact, one of the most painful sights it 


Jand not wash themselves. This treatment lasts forty 
days. In Italy, the keys of achurch near Rovigo when 
touched are also supposed to prevent the occurrence of 
rabies in patients bitten by rabid animals, and the 
saine supposed curative power is also attributed to the 
keys of St. Guilterie, St. Roch, and St. Pierre de 
Bruges. 

The treatment by Turkish baths, reintroduced by 
Bouisson, is by no means new, for it was described by 
Celsus, and also by Dioscorides. I need not tell you 
that this mode of treatment is absolutely useless, for 
my friend, Mr. Horsley, in 1888, showed that the no- 
tion on which it is based is utterly fallacious, and fur- 
ther that animals so treated after having been inocu- 
lated with rabies, die even quicker than others in 
which the disease is allowed to run its own independ- 
ent course. 

Of the number of drugs which have been tried to 
prevent the occurrence of rabies, or to cure it when 
the symptoms have made their appearance, I need not 
give an account. Shortly stated, there is no drug 
which cures the disease, though much may be done by 
narcotics, such as chloroform, chloral, and morphia, to 
alleviate pain, and render death more easy. 

Cauterization or sucking of the wound have been 
said to prevent the occurrence of rabies in patients so 
treated. I am quite ata loss how to form an opinion 
on that point, for the reason that I have been unable 
to find any reliable data on which I could base a belief 
in their value, the statistics given by various authors 
being quite unreliable. Judging from personal experi- 
ence, | feel inclined to doubt the value of cauterization, 
for among the human beings I have seen die of rabies, 
were two who had been carefully cauterized by medical 
men very soon after the wound had been inflicted, and 
of three persons I know, bitten by the same rabid dog, 
the only one who died was the one who had been cau- 
terized immediately after the bite. Such then being, 
roughly speaking, our knowledge of the chief 





to put astop to the spread of the disease and to prevent 
its occurrence, when a human being has been bitten by 
a rabid animal. 

When discussing the spread of rabies among animals 
I showed you that the dog, in this country at least, 
was the chief propagator of the disease, and that if it 
were possible to destroy the virus now living in some 
of the dogs of this country, the disease would be prac. 
tically stamped out of England, as it never occurs 
spontaneously. The virus, unlike that of other dis- 
eases, has the peculiarity that it will not thrive outside 
the living body. Every physician knows that the 
virus of scarlet fever, for instance, will hang about the 
clothes or the room of a scarlatinal patient for days, 
weeks, months, or even years, unless these objects or 


he- { 
Jpomiena of this affliction, let us see what can be done} 


that whenever and wherever muzzling has been effi- 
ciently carried out, the deaths from rabies have become 
fewer, or are even totally absent. In Engiand the cir- 
cumstances would be very favorable, because the 
country being surrounded by water no stray dogs can 
come in frem parts where muzzling is not enforced, 
and because there are no wolves and hardly any other 
wild animals to propagate the disease de novo if once 
efficiently stamped out in the canine species. Muzzling, 
to be efficient, ought to be enforced on all dogs through- 
out the country, though it must not be forgotten that 
even local muzzling will do something to stamp out the 
disease. In Paris a wuzzling order was efficiently car- 
ried out during three months, and the number of peo- 
ple bitten came down from 67 to 19 per month at the 
end of that period. 

I said that destruction of all stray dogs must be en- 
forced at the same time. The ownerless dogs wander- 
ing about the streets must, of course, be more fre- 
quently exposed to bites from rabid animals. In wany 
countries they are seized by the police and brought to 
some place where, after being kept for some time, they 
are destroyed, or, if valuable, sold. Now, every dog 
which bas been roaming about the streets may have 
been bitten by a rabid animal, and, if not to be de- 
stroyed, ought to be kept under observation for a pe- 
riod of time long enough to exclude all chances of ra- 
bies making its appearance, should it, while at large, 
have been inoculated with rabies. In my opinion, 
therefore, every dog unclaimed by its owner ought to 
be destroyed, unless it be completely isolated from 
other dogs for a period of at least six months before 
being sold. 

At present, however, there is still a chance of some 
of us here to-night being bitten by rabid animals, and 
if I mistake not there are at least two persons in the 
room who have been so bitten. I think what most of 
you would like to ask me is this—*‘ Suppose you had 
been bitten by a dog, and the veterinary surgeon had 
told you that the animal was rabid, or suppose you 
had been bitten by a stray dog you thought was rabid, 
what would you do?” That, I think, is the practical— 
the patient’s--point of view. 

To answer that question it is necessary to know what 
the mortality really amounts to among persons who 
have been bitten by rabid animals, and who have not 
undergone any preventive treatment. 

In the case of persons bitten by rabid domestie ani- 
mals, the mortality has been variously estimated. Fa- 
ber has tabulated the cases of 145 people bitten by ra- 
bid animals in the kingdom of Wurtemberg, and he 
found that the mortality amounted to 19 percent. At 
the general hospital in Vienna, in 1860, it was found ' 
that of 115 persons bitten by rabid animals, 25 died 
(mortality 21°73 per cent.) Leblanc states that of 32 








localities be thoroughly disinfected. Again, an animal 
dying of anthrax, if simply buried in a field, does not 
for that reason become harmless. The soil, the water, 
everything touching the dead carcass of that animal 
becomes contaminated, and months, years afterward, a 
bullock or sheep grazing over the grave of its fellow 
may become infected by the anthrax virus brought to 
the surface by the laborer’s spade, through the action 
of earth worms or through some other means. It is 
not so with rabies, and it is lucky that this virus dies 
so very easily, for if it had the same resisting power as 
that of anthrax, it would be the most frightful scourge 





|to humanity. On the contrary, it does not retain its 


was ever ny misfortune to witness was that of a young | vitality for any length of time after the animal carry- 
girl of eighteen, in the last stage of rabies, taking a| ing it is dead, but a few os or one or two wonths at 
1 


final farewell from her friends. 


Popular imagination had been struck by one symp- 


most, after the death of the animal, it perishes also. 
Similarly, again, the virus contained in the saliva drib- 


tom, namely the fear of water, or hydrophobia. Many | bling from the mouth of a rabid dog, or present in the 
had noticed that a rabid dog is often totally unable to dejections of the animal, dies in a very short time—as 
drink, and that the face of a rabid human patient | soon as sunlight and dryness have acted upon it. 

betrays all the signs of fear and horror whenever he | What then are the measures which must be adopted 
sees water, or even hears the sound of falling liquids.| to stamp out the virus among’the dogs alive at this 
From times immemorial the publice—physicians even— | presentimoment? I may assume that you are strongly 
have given to diseases the name of one of their most | opposed as I am to all such measures as wholesale de- 
striking symptoms, and we need not wonder then | struction of dogs by poisoned meat, or as filing their 





that the words “ rabies ” and ‘“‘ hydrophobia”™ have be- | teeth, measures which have been proposed in this cen- 


come synonymous. This is, nevertheless, based on 
error, for although a rabid dog is not able to drink, it 
does not fear water asarule. The human being like- 
wise shudders at the sight of fluid, because it gives 
rise to most painful spasms of the throat, though ina 
few cases the patient has no fear of water at all, and is 
able to drink right through the course of the disease. 
Lastly, the form of rabies in which paralysis is the 
chief symptom, unknown to the general public, was 
but little studied by physicians. 

This mere skefch cf the symptoms will certainly 
suffice to show you that this malady is a most interest- 
ing and terrible one. 
the fear with which the publie regard this affliction is 
the fact that a human being, bitten by a rabid animal, 
remains for weeks, months, and even years in a state 
of anxiety and suspense concerning his fate. The ma- 
jority of persons, namely ninety per cent. of those who 
do perish after the introduction of the poison, die 
within four months, and more than ninety-nine per 
cent. within the year. The cases dying wore than one 
year after the bite are extremely rare, as the diagram 
on the wall shows. These unfortunate patients, how- 
ever, know that if once the first symptoms of the di- 
sease make their appearance, they are doomed to a 
certain death, and although cases of recovery after the 
appearance of the first symptoms have been described, 
I confess that I have been unable to satisfy myself that 
a human being who has once shown some definite 
symptoms has ever got well. 
undoubtedly do occur. 

And yet an account of the remedies against rabies, 
which have been lauded by their discoverers, would 
fill the pages of a good sized volume. Celsus, living in 
Caligula’s time, stated that the best way of curing a 
patient afflicted with rabies was to throw him into a 
swimming bath. This treatment was extolled by al- 
most every author through nearly eighteen centuries, 
until Morgagni showed how useless it really was. 
Others advised the bitten man to eat the liver or brain 
of the animal which inflicted the wound. Durimg the 
middle ages, and even now, the chapel of St. Hubert, 
in the Ardennes, is a place of pilgrimage to which peo- 
ple bitten by rabid animals still proceed. The pa- 
tients at St. Hubert (according to the ‘“* Revue Encyclo- 
pedique ”) are teld that they are not to change their lin- 
en,that they must always eat from the same plate, drink 
ho white wine, not look into a mirror, always gaze 
Straight before them when taking their walks abroad, 





| 





| without it. 
Cases of recovery in dogs | 


|tury even.- I think there are only two regulations 


which are of any use whatsoever. : 

1. The registration of al! dogs, and the wearing of a 
collar by each dog, with the name of the animal’s own- 
er engraved on it; all dogs not wearing such a collar 
to be at once destroyed. 

2. The destruction of all stray dogs, and the muz- 
zling of all others, together with quarantine for all 
imported dogs. 

Of the two, the first must be considered, if applied 
alone, as inefficient, because it will not prevent dogs in 
the first stage of rabies from biting other dogs. Re- 


Another reason which adds to| member that, before the actual typical symptoms of 


rabies have made their appearance, when the unfortu- 
nate animal's condition is often betrayed only by an 
exaggeration in its’ affectionate sentiments, a dog is 
already dangerous and its bite will produce rabies. If 
that animal be allowed to go about unmuzzled in the 
streets, it way infect others before the disease is diag- 
nosed. Further, in countries such as Belgium, in which 
it has been tried, registration of dogs has proved 
powerless to arrest the disease. 

The muzzle certainly prevents contawination during 
the early stages of the disease at least, and in some 
cases even when the more prominent symptoms have 
made their appearance. It has been said that a rabid | 
dog always gets off, and that accordingly the muzzle 
would not be of any use, because it would run away | 
That to some extent is true, but it is not} 
always so. To give youan example—and Mr. Millais | 
will contradict me if I exaggerate, for he also knows| 
the facts of the ease—1 will mention the case of a dog | 
suffering from all the acute symptoms of rabies, which | 
was brought unmuzzled by its mistress in the train all 
the way from Bangor, in Wales, to London, was led 
through the streets of London from the station to 
Wandsworth, where it finally died. 

The owner, a lady, stated that during its progress it 
did not bite anybody, but as she confessed that it rushed 
at every living being it came across, .and bit her in the 
hand, I think we are justified in doubting the truth of 
her statement. Now that dog, under an efficient muz- 
zling act, could not have done any mischief, because it 
must have been brought muzzled through the town. 
But, in his masterly paper read before the Balloon 
Society, my friend Mr. Kerslake has so well stated 
every argument which can be brought forward in 








favor of muzzling, that I must refer youto his paper 
for further information. He has conclusively shown 





people bitten by dogs ee rabid, five died 
(mortality 15°82 per cent.) During the year 1887 forty- 
four people bitten in Paris by rabid animals declined 
to undergo M. Pasteur’s treaturent, and seven of them 
died (mortality 159 per cent.) Other statistics show 
a mortality varying between 20 and 50 per cent., but 
these numbers are probably too high, because they 
are derived from official reports, the officers of the 
state being more likely to know of the fatal cases than 
of those which ended in recovery, and I shall, for the 
sake of argument, assume the mortality to be 15 per 
cent., although I believe this number to be somewhat 
too low. 

The statistics of the Comité d’Hygiene from 1862 to 
1872 show that of people bitten on the face 88 per 
cent. died (50 cases), on the hands 67°25 per cent. died 
(113 cases), on the upper limbs 30 per cent. (40 cases), 
on the lower limbs 21°21 per cent. died (33 cases), on the 
trunk 31 81 per cent. died (22 cases), on the face and 
hands two men died out of eight persons bitten. 

In the case of wolf bites, the statistics of Renauld, 
Vallet, Du Mesnil Bombarda, Gamaleia, and others, 
comprising together 1,296 cases of wolf bites, show a 
mortality of 60 to 64 per cent. Thus, for instance, one 
wolf at Ewanguliezenvie, in Russia, bit 35 men and 23 
women. The wounds were cauterized with caustic 
potash, but, nevertheless, 24 men and 15 women died 
(mortality 67°24 per cent.) within six months. 

I shall again assume the lowest figure to be correct, 
and the mortality from wolf bites to be 60 per cent. 

Let us now see the results which M. Pasteur has 
obtained by his treatment, but first let me say a few 
words concerning the mode of production of the virus 
which is used for inoculation, as 1 find that some er- 
rors on the subject have, unwittingly, no doubt, found 
their way into the daily papers. 

When in 1880 M. Pasteur began to study rabies, he 
had already published several other discoveries con- 
cerning preventive inoculations in other diseases. He 
had been able to inoculate against the bacillus of an- 
thrax, against the cholera of fowl, and against swine 
fever, every one of these diseases being due to micro- 
organisms. It was easy to obtain the vaccinating 
watter or modified virus for these diseases, because 
the micro-organisms which are the cause of the disease 
can be grown outside the animal's body, in gelatine or 
beef broth, just as potatoes may be grown in a field ; 
and may then be bottled up, just as claret may be bot- 
tled up in a flask. He was convinced that rabies was 
due toa like micro-organism, but all attempts to see 
or to cultivate it had proved fruitless. He was obliged, 
therefore, in order to get a supply of virus at all, to 
inoculate animals, just as public vaccinators inoculate 
calves to obtain the vaccine matter against small-pox. 
After many attempts, however, he found that if the 
virus of rabies be inoculated under the membrane 
covering the brain of a rabbit, the animal always dies 
of rabies, and since that time rabbits only, and not 
dogs, as has been inaccurately stated, are always 
used for the production of the necessary virus. 

Let me tell you how the operation is performed. The 
rabbit is first chloroformed. Then, a small incision, 
about half inch long, is made on the top of the head ; 
a disk of bone, the size of half a threepenny bit, is re- 
moved, and two drops of the virus injected through a 
very fine needle under the membrane covering the 
brain. The wound is sutured and carefully washed, 
the whole operation lasting less than two minutes. 
The aniwal is placed back into its cage, and after the 
effects of the ekinvetortn have passed off, in a space of 
time not exceeding ten minutes, one may see it feed- 
ing and hopping about as if nothing was the matter. 
Six toseven days afterward the first signe of the dis- 
ease appear. This is warked by paralysis, which 
gradually increases until the animal dies. It suffers 
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no inconvenience from the wound, as, owing 

septic precautions being taken, this never inflames. 
The whole course of the disease in the rabbit is a re- 
markably painless one, the animal showing no signs 
of pain. 1 may be allowed to state that I have fre- 
quently taken not only medical men, but other friends, 
clergymen, and even ladies, to see these animals, and 
that all of them have been convinced that there is not 
the slightest cruelty in the whole process. 

After the death of the animal, the spinal cord is 
tuken out, and the virus it contains gradually weak- 
ened by drying, until ready for injection. The inocu- 
lations in man are made into the skin of the abdomen, 
but as | see one here to-night who has undergone the 
whole process, I will let him give you an account of 
the immediate and remote effect of the treatment. 

Ip this month's New Review will be found an ac- 
count of how M. Pasteur was led to apply this method 
to man, and I will therefore pass on at once to the 
practical results of M. Pasteur’s inoculations. 

(To be continued.) 


THE GREAT NEBULA IN ORION. 
By WILLIAM H. PICKERING. 


SINCE its earliest discovery this object has occupied 
a prominent place in the literature of astronomy, but 





the rock was powdered and then digested with alcohol ; 
|on evaporation the alcoholic extract yielded a bright- 
| yellow resin, which was readily precipitated from the 
| alcoholic solution by water, and much resembled the 
| kabaite of Wohler. The most curious chemical prop- 
| erties of the meteorite, however, are exhibited with a 
cold aqueous extract of the powdered rock. The fil- 
| tered liquid is quite colorless, but exhales a faint odor 
due to an organic salt which carbonizes on evaporation 
to dryness, and may be burnt upon platinum foil. 
The aqueous extract further contains nearly 2 per 
| cent. of mineral matter possessing properties of a novel 
character. Barium chloride solution gives a heavy 
| white precipitate, which, however, is not barium sul- 
phate. Silver nitrate gives a voluminous curdy red- 
dish-violet precipitate, reminding one of silver chro- 
mate, but of quite a distinct and peculiar tint, and 
which blackens in a very few winutes in daylight. 
| The substance which exhibits these reactions is un- 
| changed by evaporation to dryness, and ignition to 
| redness, readily dissolving in water again on cooling 
and giving the above reactions. The silver nitrate 
precipitate, when allowed to stand for some time un- 
disturbed in the liquid, becomes converted into color- 
less but brilliantly refractive crystals, which polarize 


| brightly between crossed Nicols under the microscope 
}and which are insoluble in boiling water. The prop- 


itis only within a few years since the recent applica- erties of this new substance contained in the water ex- 
tions of photography that an adequate means has/ tract appear to approximate most closely to those of 


been found properly to represent its structure. As 
this object is nowin its most favorable position for 
observation, I take this opportunity to describe some 
of our more recent results, hoping that others may 
confirm them the present year. 

We have lately photographed the Trapezium, show- 
ing all six stars very clearly. Their unequal magni- 
tudes make this a very good test object, and I think 
that no one should feel that he is getting the best re- | 
sults if his instrument will not show the sixth star well | 
separated, and the fifth, which is decidedly fainter 
than the sixth, clearly defined For this class of work | 
an enlarging apparatus should be attached to the! 
telescope. 

We have recently considerably extended the nebulos- 
ity about @ by giving longer exposures, and using a 
quicker lens. Theconnection with cis now well mark- 
ed, while the long nebulous streak extending south- 
ward from ¢ is broadened and joins ¢ upon the other 
side, connecting the sword handle with the belt. This 
extension is of much greater area than the other two 
nebule# combined. Its northern portion as far as 30° 30 
8 is fairly conspicuous, and makes an excellent test ob- 
ject, not of the instrument or the steadiness, but of 
the clearness of the air and the blackness of the sky. 
Owing to the recent advances in stellar photography, 
this matter of sky iliumination has assumed consider- 
able importance, and it is very doubtful if any of the| 
fainter nebulous extensions here described can be 
photographed at any observatory located in or near a 
large city, This is due undoubtedly in part to the 
gas, but chiefly to the electric lights, which illuminate 
the slight haze found in the sky of nearly all localities 
with an almost imperceptible light, but which is never- 
theless very destructive to the fainter detail shown by | 
our most sensitive plates when used with long expo- | 
sures. The difficulty is analogous to the impossibility 
of photographing the solar corona without an eclipse, 
or of photographing the zodiacal light during an/ 
eclipse 

An interesting structure brought out upon our plates 
is a large spiral nebula whose outer extremity starts in 
the vicinity of y Orionis., It passes about four degrees 
north of ¢, extends to thence to f#, then north to », 
with an outside stream lying nearly north and south, 
and preceding B about four degrees. Another stream 
lying nearly east and west precedes 7 about the same 
amount. This nebula is about seventeen degrees in 
length, by nearly the same breadth, and surrounds a 
cluster of bright stars, including the belt and sword 
handle, and extending toward y. The region contain- 
ing the nebula is noticeably lacking in stars brighter 
than the eighth magnitude, but contains the very 
bright stars y and B. It is possible that a plate with 
double our present exposures, which we are soon going 
to try, will fill the space between 7 and ¢, thus making 
the great nebula the inner termination of the spiral. 
This nebula is shown by three different exposures and 
is very distinctly marked. 

All the above described negatives were taken at our 
California station upon Wilson’s Peak (altitude 6,250 
feet). Those showing the nebulew were taken with a 
Voigtlander portrait lens of 26 inches aperture and 
8°6 inches equivalent focus, with an exposure of three | 
hours. Stars eleven to the twelfth magnitude are well 
shown. A more detailed account of these observations 
with illustrations is in course of preparation, but will 
probably not appear in time to be of use to observers 
this year.—Sidereal Messenger. 





A SINGULAR METEORITE. 


A METEORITE of special interest to chemists has 
been examined by M. Stanislas Meunier. It fell at 
Mighei, in Russia, on June 9, 1889, and it was evident, 
from a cursory inspection, that it was of a carbona- 
ceous nature. In external appearance it exhibited a 
deep greenish-black color, relieved by numerous 
small brilliant white crystals ; the surface was consid- 





erably wrinkled, and blown out into swellings. The 
material was very friable, and readily soiled the fin- 
gers. A section under the microscope was observed to 
consist largely of opaque matter interspersed with 
crystals of a magnesian pyroxene and peridote. Fine 
particles of metallic iron and nickeliferous iron were 
readily collected by a magnet from the powdered rock 
having all the characteristics of meteoric iron. The! 
density of the meteorite was not very high, 2-495. | 
About 85 per cent. of the rock was found to be at- 
tacked by acids, the portion so attacked being shown 
by analysis to consist mainly of a silicate of magnesium 
and iron baving the composition of peridote. On the 
remaining 15 per cent. being heated in a current otf | 
dry oxygen gas, it readily took fire and burnt brilliant- 
lv. The produets of combustion. which were allowed 
to pass through the usual absorption tubes containing 
pumice and sulphurie acid and potash, showed that) 
the meteorite contained nearly 5 per cent. of organic | 
matter. In order to obtain some idea as to the nature 


certain metallic tellurates, but the new compound ap- 
pears also to differ in certain respects from those ter- 
restrial salts. 
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